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Technical developments in the field of racio- 
controlled models were spectacular during the 
fifties and sixties. With the near-perfection of 
proportional control systems, the developmen 
is virtually complete. This definitive work is 
right up te date and has been deliberately 
presented at a practical rather than a highly 
technical level. 


The author first gives a brief history of haw 
radio control systems evolved and developed 
He then discusses basic radio facts and 
principles and single-channel systems before 
going on ta describe multi-channel systems 
and then the modern true proportional 
systems. Separate chapters are devoted to 
aircraft controls, aircraft installations and mode! 
aircraft design; the installation and operational 
requirements for the control of model power 
boats, model yachts and model cars. Finally 
there are chapters on radio control engines 

(as a guide to choosing the best type and size 
for any model—as well as to handling tech- 
niques), installation, wiring and workshop 
notes and batteries. Lavishly illustrated, the 
book is the most comprehensive yet produced 
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FOREWORD 


The radio control of models has reached near perfection. Modern radio 
equipment offers literally anyone the chance to tly an aeroplane. drive 
a racing car or power boat, or helm a racing yacht with no personal 
hazard, and at a fraction of the coat of the ‘real thing’, Even the models 
themselves can be boweht lin easy-to-assemble prefabricated kit form. 
But that | only part of the story, Radio control offers the serious 
model builder the ultimate satisfaction of controlling his masterpiece in 
opcration—whether purcly for pleawure, or in. competition with other 
modellers. 

Modern radio control equipment is bought, and uged, as "black 
boxes . Plugged together, it works, |f it does not, then only a specialist 
electronic engineer can trace the fault and put it right. Fortunately, the 
standard of reliability is very high, and troubles experienced with radio 
controlled models are usually ‘pilot error’ or ‘driver error’, The human 
Alement in the tink is far more fallible than the electranie lenvent! 


This near-perfection of electronic equipment has taken much of the 





lo-some extent lessens the technical 
achievement of individual modellers They have countered this to a 
large extent by bullding even more elaborate models—realistic scale 
models which could hardly be distinguished from the ‘real thing’, 
except in size, And aerobatic aircraft with better manoeuvrability than 
them full size counterparts. 


romance out of radio contreal—and 


Thit book digs more deeply inte the story of radio control, as well as 
aiming to be a comprehensive guide on all aspects of the subject. Thus 
it deals at some length with simpler systemd—single-channel radio which 
how on the way to becoming obsolete; and multi-channel ‘reeds’, 
which equipment is no longer manufactured—as well as up-to-date 
systems. 

There is a very good reason for this. With these simpler systerns [t is 





Bropart ard 


easy to learn fow radio control works, and how radio control can be 
attempled on a bow-cost basis, There is nothing much to learn about 
madern proportional radio equipment, except how to install and use It 
But basically it is merely an extension of earller systems, with control 


systems developed directly from ‘old-fashioned’ multi channel. 





Knowing how these work can help. 





Virtually all modern commercial 
ocirel equipment is ‘proportional’, 
giving control movements 
corresponding to te movements of the 
control sticks on the transmitter, The 
Blectronica are a mystery to most 
poople—the varlous units are simply 
accepted as ‘black bowes' that work, 
This is.a far ery from the old days of 
radia control where only a single 
on-off switching link waa provided by 
the Transmitier-ecelver cogvblmation, 
Most early radio control equipment 
was aloo home-bullt by modellers, 





1 RADIO CONTROL 
SYSTEMS 
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1.) tn a siple radio control link the 
Koentiver works £6 4 ‘switch’ worked by 
the transendiier senna! end controlling 
the actuator clreuit 
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1.2 With the Transmitter signal "CHM" 
the teceiver switching action i alo 
‘ON, 
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1.3 With the transmitter signal ‘OF F* 
the receiver switch action Is also ‘OF F" 
breaking the achuabor circuit, 








Radio i¢.a part of everyday life. Everyone knows how to switch on and 
tune a radia receiver, or a television set. There is nothing mysterious 
about (i. The only 'mystery'—to most poople—is how radio works. 
Radio control is very much the same. it includes the same basic 
elements a3 ‘ordinary’ radio working: a fearmitter which sends out a 
broadcast denal, and a receiver which picks up that signal. The main 
difference lies in the fact that the signal sent by a radia control trans- 





mither i just an electronic signal The purpose of the receiver i to pick 
up that signal and respond to it by working like a switch 
One further element involved In radio eontrol—an actwetar, This is 


a device which turns electronic signals inte mechanical output (or 





"muscle power, in simple lanainige|, which con make whatever tt is 


connected to move or work, The relatior “ship hetween the rece/ver and 





the oefnefor is basically a very simple one, Since the receiver acts a a 
pwiteh, it awitches the actuator ‘on’ or ‘off’ in response bo ‘commiuarnd 
diionals sent out by the transmitter. 

To take a very simple case, suppose he actuator is an electric motor 
used to drive something (figure 7.7). The receiver operates as a switch 
for this electric motor circuit. A command, signalled by the transmitter, 
produces a ‘switch-on response in the recerver, completing the actuator 
circuit, The electric motor starts and runs as long i the original signal 
cantinues te be given, Le. the receiver is held in a ‘switch on’ response 
condition as bong as the transmitter continues to send out (ts signal, As 
soon as the transmitter signal is turned off, the receiver reverts to a 
‘ewitch off condition and the electric moter stops. Start and stop 
switching of the electric motor is thus provided by remote control the 
main limitation being the range over which the transmitter-receiver link 
will function with relatively simple and low powered radio circuits, 

The basic radio link requirements are quite straightforward. For 
simple working the transmitter has only to be capable of sending a 
simple radio frequency (RE) signal, which can be switched on and ofl 
at will by the person giving the commands. The receiver can be another 
simple circuit, capable of being tuned to the transmitter signal fre- 
quency and of responding to the difference between ‘signal on’ and 
‘glgnal off in such a manner as to provide a switching action for the 
actuator circuit 

All of the earlier radio control systems worked on this basis, Pro- 
vided the circuits functioned properly, the radio link was established. 
The main problem was then to design actuators which did more than 
run-and-stop, like the electric motor, but performed definite move 
ments which could be coupled by mechanical linkage to work controls 
on models. Later on when more experience and knowledge had been 
gained ol the cesar ard operation of transmitter and receiver circuits, 
the fype of signal sent became more sophisticated, making it possible to 
send ‘compound’ signals, and even separate signals simultaneously, This 
proved far more satistactory—and workable—than ‘compounding the 
response to simple on-off switching at the actuator end, At the same 
time this greatly increased the complexity, and cost, of the electronics 
involved, leading to the general classification of radio control systems 
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Lao The Colerer recelver, With no 
signal present the iron dust is in 
hindom groupe. in the presence of a 
sanal the bron particles are magnetised 
and join up bo form a continivmus 
conductive path completing the 
actuator circu, 
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under twe distinct types of working: (1) single-channel (or ‘single 
signal’); (2) multi-channel (or ‘multiple signal’), 

Both types of equipment persist—single-channel because of its 
relative simplicity and much lower cost; multi-channel because of its 
better, and more extensive, control coverage. But simple classification 
on this basis is no longer valid, Single-channel working bends itsell to a 
degree of ‘compounding’ of signal modulation without necessarily 
involving complex clectronics, In fact, the original multi-channel! 
syatants were a straighthorward extension of single channel ‘tone 
signalling. These were eventually replaced by Tully proportional control 
systems which instead of “on-off switching at the recelver end provided 
actuator movement in exact response Lo movernent of a control stick 
for wheel} at the transmitter end. We shall see how these various 
systems developed, 

The first known examples of radio control date from the beginning 
of this century, In 1905 a Professor Branly demonstrated the remote 
operation of machinery by radio link (the first Known example of 
industrial radio control); and in the early 1920s a demonstration of 
remote control of a model airship is reputed to have been given ina 
London music hall (the first quoted example of model radio control), 

The equipment used was very crude—a spark transmitter [mothing 
more or less than a Morse key); and a coherer receiver, the latter 
consisting of a glass tube partially filled with fine irom filings or iron 
dust, (figure f.4), Anything electrical that produces a spark can cause 
interference on radio, as is well known, [lt is for this reason that spark 
transmitters were long ago made illegal). Interference is caused by the 
fact that a spark generates a radio frequency signal, over a very broad 
range of frequencies 

A. coherer receiver works in this way, Iron dust is a magnetic 
material, Assuming that itis first lying in random fashion in the tube 
the presence of a strong RF signal will cause cach particle to become a 
magnet. These tiny magnets will then immediately link up in the farm 
of a chain running the length of the tube. Since iron |s also a comductor 
of electricity this chain, once formed, can complete an electrical circuit 
between contacts inserted in each end of the tube. In other words, the 
coherer has been transformed to an ‘on’ switch for ary external circuit 
connected to the tube contacts, To break the chain, and thus switch 
‘off when the RF signal is removed, It is necessary to tap the tube 

Interest in model radio control really started in the mid-1930s, 
principally in America. To operate any radio transmitter legally it was 
necessary to hold an amateur radio licence and 40 initial development 
work was largely restricted to amateur radio enthusiasts, and modellers 
who had also qualified for an amateur transmitting licence, working on 
frequencies allocated for “ham radio, Acromeodetlers in particular were 
attracted to radio conmtral—the United States also betng the ‘home’ of 
the mass-produced amall spark-ignition engine in sizes suitable for 
powering model aircraft, which evolved at this same period. But the 
fact that to fy aradio controlled model aeroplane the modeller also had 
to be qualified a3 a radio amateur seriously limited the number of 











14 A Lice nce, sued by thee Poo 
Office, i necessary before operating 
any model radio control equipment 
Alo practical te or written 
fsamination iy Involved: just TM im and 
folurn the Application Form 
bhtainahe tien: 

The Ministry of Posts. oral 
belecommunicatlons, 

Waterloo Bridge House, 

London SEL, 

The cost of a Licence £150), this 
covering a five-year period 


(Ab et Pat} Exarple ol valve 
bransigiar sing-e-chanmel tramemlcber 
BF he type which remained paul ar 
i Britain wp to the early PS 70's, 


Arcrarl wore always the most popular 
abject tor radio control, A high wing 
Vout was adopted tog years, benalee 
Of ihe geod aiomatic siabdlity it 

Prowided im (Migghi. 


individuals comiributing to these early stages of development, Never- 
theless, conbests for radio controlled models were included in pre-war 
American National Championships held at centralised yonues. 

This licence requirement, incidentally, persisted in America until 
1952 when the Federal Communications Commission (FCC) eliminated 
the code and written examinations required for licenced operathon Cn 
7.2455 MHe and 465 MHz; previously most of the work had been dame 
on the 50-59 MHz amateur band, which required an operating licence. 
Lhe positron was rather ditterent in Britain, There was virtually no 
interest in model radia cantrel witil after the war when the ithen| GPO 
allocated two specific frequency bands for model radia control use, the 
necessary licence being obtainable on application, These bands were 
26.99 MHe to 27.28 MHe and 464 MH to 4645 MHe. The second 
(higher) frequency band presents considerable technical difficulties in 
equipment design and construction and has been little ued, either in 
America or Britain, The 27 MHz band became the virtual standard for 
model radio control work all aver the world, American madellers 
changing over from 34 MHz to 27 MHz with the easing of thei licence 
requirements, 
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Li Working the other way round, the 
Transmitter signal is normally ‘CN all 
the thme, holding the receiver Ina ‘low 
curtent’ stale. Keying the Transmitter 
ewiliehes (ie signal “OF PF", casing a 
current rise: in the Recemer, pulling lA 
the Relay, Note difference in Actuator 
chrouit connections to the Relay, 
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All of the earlier model radio control systems employed a simple 
oscillator for generating the RF signal at the required frequency, with 
or without power amplification (see Chapter 3}. These produced a 
straightforward carrier wave (CW) which was switched on and off to 
transmit commands, The super-regenerative circuit was found best foe 
receivers (see Chapter 4), responding in the following manner (see 
figure 7.6). With no signal being received from the transmitter a fairly 
high standing current t& drawn by the receiver, with a steady value. [i 
the transmitter is then awitched on, the receiver current falls bo a 
substantially lower value and remains at this lower value as long a5 the 
transmitter signal is present, assuming the recelver is correctly tuned 

This current change is used to operate arefay connected in the 
recelver circuit, Thus with high standing current the relay & adjusted to 
pull in and remain in this position until receipt of transmitter signal 
produces a fall in current causing the relay todrop out. The anmature 
of the relay thus acts 2s a switch, controlling the external actuator 
circuit connected to it and the relay contacts, as shown, 

In practice the switching system was often worked the other way 
round (figure |, 7). Normally the receiver will spend more time idling 
than responding to the transmitter signal, To reduce receiver battery 
drain, therefore, its better to haye the transmitter signal present all the 
time (holding the receiver in its low current condition). A command is 
then Initiated by keying the transmitter signal eff, which causes the 
receiver current to rise, pulling in the relay and changing over the 
switching contacts, 

One of the main limitations af this system was the relatively small 
change in current available from simple single valve recelwer circuits. 
This called for use of a sensitive relay, and very careful relay 
adjustment, 

Performance was much improved by the introduction of two-stage 
receivers, although this increased the number of components and bulk 
and weight of the complete unit. By using the first stage as a signal 
detector and the second as an amplifier it was possible to produce much 
larger cunrent changes, making relay operation far more positive and 
less critical, At the same time the receiver could now be made to work 
with a low idling current falling virtually to zero on receipt of signal, 
using this to trigger off the second stage which could now pass a current 
of 3 to 5 milliamps, or even higher when transistors became available 
for the amplifier stage(s), 

The next big step was the adoption of a modulated tone signal rather 
than a simple carrier wave for transmission. Basically this simply means 
superimposing a lower frequency (usually an awolfe frequency, ard 
hence the description fare) on the original carrier. The carrier wave 
signal is on all the time and the tone is only keyed to modulate the 
carrier when a command signal is required (figure 7.8). The receiver 
cincuit is designed to have a moderate idling current with ro signal, 
which falls to a steady low current in the presence of the CW signal. 
When the CW sienal is modulated with tone this is detected and 
expressed in the form of a current rise to a steady maximum. 
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\.8 With a Carrier Wave signal the 


Receiver response is a “current fall’, 


With a Tone Modulated signal the 





Recelver response |p a “current rise’. 










t 
Line up of models af an early radio control contest in Britain, Filylng sessions 


fould be rulned by high winds because of the limited control available (rudder 
only |. 


Today even a model felicopler can be flown perfoctly under radio 
conirel—ising proportional equipment, This type of flying model was thought 
‘impossihde" only a few years ago, 


Typkal example of an early 
sensitive melay, as weed im 
recelwers ag the gwliching Aement, 


Another example of the type of model 
which can be flown safely with modern 
proportional padi contrat. Scale 

model subpects—even dating back to 
pre Workd War l—are extremely 
popular. 


At first sight this may appear a more complicated way of producing 
the same results as a CW system, However, there are ia mumber of 
advantages. For one thing, it is a simple way of producing a ‘current 
rise” recelver, and of achieving a good current change without resort to 
a high degree of amplification. There is also the fact that since the 
receiver Is afweps Influenced by the CW being present it tends to lock 
onto this particular signal, which considerably reduces its susceptibility 
to any interference from spurious signals of adjacent frequency. A 
secondary effect of this ‘locking on’ characteristic is that less radiated 
transmitter power is needed—which can be particularly advantageous in 
the design of small transistorised transmitters. 

Tone receivers were Introduced in the 1950s and have virtually 
replaced CW working for single channel radio controls, 

The availability of suitable transistors for complete (all-transistor) 
receiver circults led directly to two further important developments: 
the refayless receiver and the superter receiver, 

Receivers so far had utilised an electro-mechanical device, the relay, 
a4 the switching element for the actuator circuit. The ‘mechanical’ 
elements of the relay—the moving armature and fixed contacts—are 
external to the relay circuit and are, in fact, merely a mechanical switch 
for the actuator clreuit. The amount of current which can be switched 
in this manner is then governed only by the limiting current loading for 
the relay contacts used. Within this limit, if the actuator needs a higher 
voltage for current) to operate properly, then it is only necessary to 
increase the size of the actuator battery. 

Transistor circuits made it possible to increase the degree of amplifi- 
cation possible within the receiver circuit lisell, without unduly 








Relayiess all-transister tone recebves 


mith mate Hing Gcanement-ipe 
detuator, 


Ihe valve Transeniiter continued to be 
tae for seme tine after all-transigtor 
receivers bptame standard, Eventually 


it was replaced by the all-transistor 


tansmitter, permitting a substantial 
Sving in battery gine and welght—and 


Operating cast, 

























The relayless receiver reduced the size and weight of a dingle-channmel receiver to a 
Mintimnum—bess than one ounce if some cases. It made possible radio contre of 
models tea than 18 inches span 


increasing the bulk and weight of the receiver, so that the final current 
change could be high enough to operate an actuator direct. Making the 
last stage of the receiver a high current switcher circuit, therefore, 
eliminates the need for a relay at all. The actuator can be connected 
directly to this circuit, and draw its current from the same battery as 
the receiver. 

(he advantages are obvious: a saving in bulk ard weight for a 
complete receiver installation by eliminating both the relay and the 
actuator battery; plus the substitution of electronic switching Instead of 
mechanical switching via relay contacts, eliminating relay adjustment 
and contact ‘wear’ as possible sources of trouble, 

However, this is not a complete answer to simple receiver design, The 
switched current available as direct output from a relayless receiver is 
limited by the loading permissible on the final stige transistors. This 
means that the actual load—the electrical resistance of the actuator—has 
to be matched to the receiver. In practice this means that the choice of 
tee of actuator is limited, usually to an escapement with a coll 
resistance of the order of § ohms, 

A secondary disadvantage is that since one battery now jupplies both 
the receiver and the actuator, the drain on the battery can be quite high 
when the actuator is being operated. At the same time since the 
actuator itself is now connected into the receiver circuit, operation of 
the actuator can cause interference in the radio circult, The question of 
battery drain is not particularly critical as a nickel-cadmium battery can 
be used instead of small dry batteries and readily meets the full demand 
required. The weight of nickel-cadmium batteries is quite low, their 
performance under load is more stable than dry batteries, and they can 
be re-charged. They are thus a much better proposition for working 
miniature and sub-miniature relayless receivers than pen ceils, alth sugh 
their initial cost is higher (see Chapter 21), 

It is possibbe to treat this question of battery drain and interference 
in another way, The relayless receiver circuit can be designed to take 
two batteries, one for the radio side and another to supply the output 
power via the final ‘switching’ circuit, This has the further advantage of 
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Another example of the compact 
arrangement possible wiih an 
ail-tramsisier single-channel tone 
featlver, 


‘ne 27 MH trankenither operating 
will usually altect ary wiperregen re- 
cebver, whether tuned in to that part 
cular transmitter or Aol, ayer a range 
which may be several miles of much 
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making lhe receiver cirouil as independent of interference fram the 
actuator a% a normal relay receiver, A oumber of commercial relayless 
receivers have been produced on this basis, although the usual form 
ado pied is a straight single-battery circuit. 

Since a relayless receiver requires an actuator matched to its switch- 
ing output, there is still a demand and need for relay receivers 
particularly for use with motorised actuators (see Chapter 6). Modern 
circuit designs usually follow the same form as that of a relayless 
receiver, only in this case the relay conmected in the oulpul circuit 
forms the joad, instead of the actuator. This means a low resistance 
relay can be used (usually with a coil resistance of 30 to 50 ohms), and 
because of the high current switched through the relay coil it can be a 
simple, non-sensitive type, providing positive and reliable operation, 

Most modern single-channel all-transistor receivers, in fact, are 
produced in either ‘relayless' or ‘relay’ form. The two circuits are 
identical, In the first case an actuator (escapement) is connected 
directly to the receiver output for relayless operation. In the second 
cate the receiver panel includes a relay mounted on it, and connected to 
the «witcher circuit, The actual output from the receiver is connected 
to the relay contacts, which function as a ‘mechanical’ switch 


Superhet receivers 


The superheterodyne or superhel is a more highly developed type of 
receiver circuit with the advantage of providing a far greater degree of 
selectivity The superregen circuit works well as a receiver, bul its 
tuning is inevitably broad and even the best of designs docs not have 
sufficient selectivity to reject spurious signals several hundred kHe Irom 
the true signal to which it is tuned. This means that it is not really 
possible to operate more than one superregen receiver ata time® in the 
37 MHz band, even If tuned to opposite ends of the band, Also, of 
course, an individual receiver is susceptible to interference from any 
other sources of RF transmission overlapping the 27 Mrz band. 

The superhet receiver tackles this problem by providing tar greater 
sclectivily to signal frequency, so that spurious signals even as little as 5 
kHz away from the tuned frequency are rejected, The transmitter/ 
receiver combination, in fact, tunes and works on a “spot Trequency, 


The superhet receiver cirewit is distinguished try lis ‘cans’ or |F transtormer stages, 





















Even the all-transigor receiver pot 
fui complicated and bulky when 





hoped for multichannel working 


and only other transmissions at that particular ‘spat Trequency are 
likely to interfere with iL Within the permitted transmitting frequencies 
of 26.96-27.28 MHz it is thus possible to select a considerable number 
of different "spot" frequencies for working, making if potuble fo 
operate that number of receivers simultaneously with mo interference 
from transmitters working on other “spots: 

In practice. six standard “spot' frequencies are employed with 50 Hz 
spacing. It is possible to split these further, e.g. doubling the number by 
adopting 25 kez spacings; and possibly at some later date 10 KHz 
spacings may prove practical 

The introduction of the superhet receiver solved a major pre blem by 
making simultaneous operation of radio controlled madels possible al a 
particular site, Previously other operators had to wait whilst amy one 
modeller was operating, and take turns for ‘radio space’. It alsa 
minimised the effects of interference generally and made it possible to 
develop more complex radio control systems with an assurance of high 
reliability as regards signal selectivity. Otherwise the operating principle 
remains the same. Superhel receivers are produced in both relayless and 
relay form, They have not replaced the superregen receiver, however, 
because their cost is appreciably higher on account of the greater 
complexity of the circuit and the greater number of components 
required, Thus they offer an alternative for the modeller seeking more 
troublefree operation on single channel working; but the superhet 
receiver is an essential feature of all the more sophisticated proportional 
conbrol systems 


Multhchanne! working 


The single-channel tone transmitter/receiver combination uses a single 
tone signal with a frequency of anything between 200 and 1000 Hz 
superimposed on the carrier. The actual frequency is not important, 
ind receivers designed to match will usually respond toa broad range ol 
tones within this range 

lf the recelver ig mace mare lective as far as tone response is 
concerned, then there is the possibility ot utilising more than ane tone 
sional superimposed on the carrier and thus arrive at a multiple signal 
radio link. This is the principle of multi-channel working, as tt orginally 
evolved 

Basically the transmitter is the same as for single-channel, except that 
there area number of JeMarile lone generdbor circuits fone for each 
tone required), any one of which can be switched on to modulate the 
carrier with that particqular tone, The receiver ls tuned to the carrier 
wave frequency |again as with single channel working), but must also 
hive provision to respond to each individual bone separately, so that 
each individual tone is identified as a separate command signal 

This can be done electronically, using tone filters in the circuit. Each 
filter ‘passes’ its particular tone to produce an output (6.2. a current 
change to operate a relay), but blocks other tone signals. There can thus 
be as many swibching outputs (e.g. via individual relays) a there are 


















































Tone receiver with jone-lilter circuit, 


DS WEL & Sot Gf Sermsetlve reeds (a 
Reed Bank}, each Reed responds to a 
Particular Tone signal equivalent to the 
fosonant frequency of the reed. 


Early valvetiransisio netd-ty pe 
receiver 





filter circuits. In practice the number of such circuits was generally 
limited to bwooor three. Since each output circutt controls tts own 
actuator, this provided two or three channel working, respectively, 

Multi-channel working using receivers with Lone fillers was developed 
mainly in Germany and America, with up to six channels being made 
available on standard commercial equipment. It remained a rival to, but 
never achieved the same scope of popularity as, the reed ban’ system of 
tone identification which originated almost simultaneously in Britain 
and the United States but wis mainly developed in the latter country. 

The main disadvantage of a tone-filter system is that AF filters are 
not nearly as selective as reeds and so the channels must be more widely 
spaced. Also it is more difficult to filter two tones simultaneously, due 
to the presence of harmonics of ‘mixed’ signals, Also AF filter units are 
heavier and more bulky than a reed bank designed to handle the same 
number of tones, mainly because the AF tenes which can be used 
require the use of fairly large capacitors and inductances in the filter 
circuit, 

A reed bané is rather like a relay but instead of having a single 
pivoted armature has a number of fixed reeds of flat metal strips 
mounted over the coil, Each reed is a ‘resonator’. That to say, it will 
have a natural frequency of vibration or resonant frequency, depending 
on its length, width and thickness (and the metal from which it is 
made). Reed proportions are thus carefully selected so that each reed ts 
resonant at a particular tone frequency 


Reeds 





Responds to Tone 1 
Responds te Tone 2 
Responds to Tone 3 


Responds to Tone 4 








V1 Basle Behime try of a SIN GPE Tibi hf 
i Reed Bank, The wibrat int reed 
completes the circuit bo the Relay 
ihrawgh the Contact 





10) This shows the electrical circult 
Gl a single Reed, The Capaeclior acts ag 
a Teservolr bo supply a oentinvei 
Gument to held the telay in when the 
reed & wibrating. A Resistor ip included 
im the clecult to (limit the feak current 


Compact type of all-transistor 
multi-channel reed guperhet receiver 
(note the | F cans’), Thin configuration 
fermained a jsonular faawnrlie for Wears, 
but primarily developed iin the United 
Shes, 
















All the reeds are mounted over the top of a coil with a magnetic core 
(figare 7.9) which is connected in the receiver circuit in the same 
manner as arday. The ‘bone’ signal is, however, fed through this ooll, 
ifter detection and amplification as necessary. Thus the coil is excited 
with an alternating current having a frequency c orespanding ta that of 
the tone signal. When this corresponds to the resonant frequenc y ot a 
Particular peed, the reed will be set in vibration and continue vibrating 
is long a& that tome 5) ENG 1s feel, 

The amplitude of vibration of each reed is limited by a stop, which 
0 acts aa contact (figure 170). When the reed is vibrating it will, 
therefore, touch this contact during part of each cycle of operation, lt 
both need and contact are connected to a relay circuit, as shown, the 
relay ool will be energized (momentarily) once for each cycle of reed 
vibrae con, 

The actual period during which the reed is touching the contact willl 
be quite small—probably of the order of 1 to 10 per cent of the 
complete cycle of vibration, However, if a capacitor is included con 
nected across the relay coil, this will act as a ‘reservoir’ te charge up 
when contact is made and then discharge when the contact is broken 
again to maintain a flow of current through the relay coil, im this wit} 
the felay can be made to pull in and remain pulled in through the whole 
of the reed vibration cycle, in other words, excitation of the reed into 


resonant vibration by passave of a particular tome signal through the 





feed Dank coi operates a relay to pive a switching response (via the 
feay contacts) to contral an aetuater circuit, This is the same as basic 
unghe-channel working except that both a reed bank (to respond to the 
tone signal) ane a relay (to switch the actuator circuit) are involved. 

Many reeds can be mounted in asingle magnetic circuit and if each is 
of different length, each will resonate (vibrate) ata different tone 
irequency. Any partiqular tone signalled will, therefore, Energise its 
particular reseanant reid, which will in turn cause the relay connected to 
iL to pull in and hold in, completing the switching on of an actuatesr 
CIFCUIT connected to the relay contacts, The system will have as many 
channels jor command signals) as there are individual reeds, with cach 
reed having tts own relay (bo which can be conmected a separale 
Ackuabhor circuit) 

The main limitation with this system is that the tone range must. bie 
within one octave, as the individual reads will respond to harmonics as 
well as fundamental tone frequencies. This octave will also tie within 
the usual tone frequency range of 250 to 650 





Must provide quilfichnt eens tivity hor imechepa dent feeponse within one 


octave, ie. havea marrow band width for respon. The greater thi 





number of reeds used, the more sharply peaked the resonant fre 
quencies of the individual needs need to be. This places 4 premium on 

reed design and precision manuiacturer; and aleo adjustment. Thus the 
lower the contact position, lie. the more restricted the amplitude of 

the vibrating peed), the greater the band width over which contact will 
be made. Nevertheless |i is practical te produce reed bands with up to 
12 individual reeds which perform satisfactorily, ie piving up to 
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1.12 Practical values in a Reed circull 
commanding 2 Relay with » 5000 
ohms coll resistance and giving a5 
milllamp cunment through the relay 
coll, 


i 
2 orm 


in 
Curren 
aon | Pear 


0 walls 


1.12 In neloyhess operon the Reed 
Cotact can carry 2 lower current (ep 
of the order of 3 milllamps). This 
current is then bitiatod by an amnplifier 
CIFCUiL to provide @ hilgh Enough 
CuTTeNnt fo operate an actuator direct, 
iInsiead of being switched by ihe 

CON LaCIS OF & relay. 


12-channel working. Sima/ftarcous operation of individual reeds is also 
possible, although not wsually on adjacent reeds, 

Apart from practical factors involved in the design and construction 
of the reed bank itself (which isa very critical component}, there are 
two main disadvantages. of the reed system so far deseribed, The first ts 
the fairly obvious one of bulk and weight. In addition to the reed bank, 
itself fairty bulky and heavy, each channel needs a relay to complete 
the switching function to control the various actuators 

The second is concerned with current values, The actual current 
carried by the two contacts in each switching circuit [reed contact and 
relay contact) is considerably higher than the nominal operating current 
of the relay iteelf, due to the loweduty cycle involved. Thus with a 10 
per cent duty cycle, amd with the relay drawing 5 milliamps, say, to pull 
in, peak current values of up to 10 = 5 = 50 milliamps may be carried 
by the contacts, which can cause pitting and burning and troublesome 
operation, lit is mecessary, in fact, to inclode a resistor in serres in the 
circuit to Emit the initial or peak current when the circuit is first 
dosed to an acceptable value. Unfortunately if a high resistor value is 
used to produce alow peak current, the current through the relay will 
also suffer, [tis thus usually necessary to limit the resistor toa relat 
ively low value (e.g. typically 47 ohms) in order to obtain the necessary 
current through the relay for satisfactory operation, and to avoid 
excessive waste of battery power 

Considerable improvement is possible with refoyless operation, Here 


the power output handled by the reed contacts can be kept quite low 
(typically of the order of 0.2 milliarmps), which can then be fed toa 
current amplifier in the actuator circuit. A series resistor is still needed 
to limit the initial peak current, but this time its value can be relatively 
high (e.g. typically 470 ohms). Apart from the considerable saving in 
bulk and weight, the elimination of the relays also reduces the number 
of contacts effective in each circuit to two (those on the reed nank). 


(Right) With relay working, each reed channel required 
one relay. This added considerably to the bulk and weight 


of the receiver, 


(Below) Tramsistor-amplifier circuits for relaiy bess 
operation of multi-channel servos. The Lahaped beard 


was designed to fit inside thee actuator caging. 








L14 Single-channel signalling is cither 
“CAN a “QF FF’ are the eClaler can 
only follow this switching to provide 

ontral movement OM -OFF in 
ROQUERLE 





114 The three conditions of a 
beo-channel Tome transmitter are: 
Carter Wave only (sent comiinuously, 
Bid corresponding to no command") 
Career Wave plus Tone | [comenani 1 
“OM i 

Carter Wave plus Tone 2 [command 2 
“OM ") 

This means that opposite contral 
positions provided by a multi-channel 
lume? can be selected at will. With 
no command (CW only), the sctuanae 
returns to the mewtral position, 


Muit-chananel gctuotors 


Each chinnel on multi-channel working can be used to control a 
single-channel actuator, This, however, is mot the normal mode of 
working, except for minor or secondary controls on some applications 
Instead fa channels are used to control ane actuator, The advantage 
of this is that this provides for selective operation, whereas singie 
channel working can only be sequential. 

This can be demonstrated by a simple example [figure 1.) 4}, Single 
channel signalling applied via an actuator to, say, a rudder control, can 
only preduce a sequence of movements (see also Chapter 6), viz: 
neutral—right rudder—neutral—left rudder—neutral, To signal ‘right 
rudder’ after the last command had also been ‘right rudder’ would mean 
switching through the complete sequence, 

The tae of two channels controlling the nodder actuator provides 
alternative command possibilities, viz: right rudder [one channel); left 
rudder (the other channel)—ftgure |, .5, 

The actuator would be desianed to return to neutral on release of 
signal, Thus the signal for either ‘right rudder’ or ‘left madder can be 
selected at will; and on cessation of signal, the rudder will return to 
nevtral, This is the basis of conventional multi-channel working. 


[Below) Proportional serwos are 
designed [or CoN PREL, Casy Mowrcing, 
preferably on ralls or a board fitted 
inside the model. 
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1.16 With 2 tre proportional contral 
eystom the actuator ls under 


Continuas command tram the 


equivalent of two signal channeds 


and the contre! aisumes a potion 


comesponding to the position of 
the Transmitier Contnod Stick. 


1.17 Sending a pulsed pignal is one 


methead of providing ‘multiple’ 


Inteiligence via a singlt channel, Ths 
can be done by varying the Mark-Space 
falio of the pulses [the signal 
on-signal-off ratio in a complete pulse}; 
or by varying the actual rate of pulsing. 
The bottom signal shows variable pulse 
rate with a 50:50 Mark-Space rata 
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Proportional cartels 


Bath single-channel and multi-channel working have one characteristic 
in common, Control response is either ‘on’ or ‘off, This can be allied to 
actuators which are self-centring [return to neutral on release of signal) 
or progressive (stop where they are on release of signal} 

Self-centring actuators are used on main controls; e.g. rudder, 
elevators and ailerons on aircraft models. Control responve achleved |s 
thus either full rudder movement for full elevate, or full aileron), or 
centralised. This has become known as a ‘bang-bang’ contral—full 
movement to one extreme or the other with no possibility of selecting 
intermediate mowanpnnts. 

With progressive response, controls can be ‘inched’ to a partiqular 
position; then inched on a bit farther, and so on, up to the limit of 
movement, Further ‘inching’ then moves the control in the opposite 
direction. This is not suitable for main control services since there is mo 
meins of telling the exact position of a control at any time [except by 
judging the response of the model, which is an unreliable guide because 
of the time lag invalyed), itis, however, the type of movement required 
for a throttle control, and some seoondary services. 

Proportional controls aim at producing a control movement exactly 
propertional to the movernent of a control lever (typically a “joystick’) 
on the trarsmitter, This demands a more complex method of signalling 
since the command must both initiate movement in the required 
direction and at the same tine signal the degree of movernent called 
for, There musi also be some means of ensuring of measuring the 
control movement to check for proportionality. 

Proportional control can be obtained with single-channel signalling 
by pulsing the transmitter signal. Here the tone signal is superimposed 
on the carrier ina series of discrete pulses, rather than continuously, 
with the opportunity of varying the width of the pulses [or mark-space 
ratio), of the rate of pulsing, or both [figure fo 77). Either, or both, can 
be utilized ta produce a form of proportional response, and various 
systems have been devised bo operate on this basis, Those employing 
single tones are basically still single channel systems and are described 
in detail in Chapter 8, They retainia basic simplicity, but have a number 
of functional disadvantages—not the least being the inability to ‘sense’ 
the control movement and compare it with the original command, 














LUE A circuit denenstrating the 
eorking of an Analog Proportional 
control, The Feedback Potentiometer is 
driven by the actualor and generabes an 
“error signal’ wihrer 
movenent has mot exactly followed 
the Control Stick movement, The 
Presence of an “en signal” causes the 
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109 Current tom thro the Relay 
in the analog clrewit of Fig, 1,108 and 
conreiponding relay anmature 
Positions, contratling the switching of 
fhe 4.chua bor, 
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True proportional systems are based on closed loop serve circuits 


where the output provides some form of feedback which compares the 
position of the control with the input signal, Any difference produces 
an error dignal, which is used to reposition the actuator to its true 

arid wor tional mnasithon and render the error signal iro 

This can best be demonstrated with a typical analog circuit, a shown 
in Figure 7.78) The actuator in this case is an electric motor, the 
switching of which is controlled by a relay, The actuater will drive in 
cither direction, depending on whether the relay armature is pulled in 
or dropped out, With the armature in the mid position the motor 
circuit is broken and thus the actuator remains stationary, 

Assuming that the relay is adjusted to pull in at a current of a little 
aver 2 milliamps and drop out at a litthe under 2 milliamps, a 2 
milliamp input senal to the circuit will maintain the relay ina ‘null’ 
condition with the armature mid-way between the contacts, this 
condition being set up by appropriate adjustment of the control 
potentiometer, 

lf now the contral potentlometer is moved ta decrease the resistance 
in circuit the current will rise, pulling the relay armature iin and com 
pleting the circuit for the moter to run in one direction. Coupled to the 
motor Movement ih a setend polentiometer of similar value to the first, 
but conmected the other way round. Thus as the motor drives the 
BOtenbomeber in Lhe direction initiated the resistance provided by the 
secomd Polentiometer increases, UAT & PONE 1s reached where the 
Increase in resistance exactly balances the decrease in resistance ghren 
by movement of the control potentiometer, At this point the relay 
current will have fallen to 2 milliamps again, giving a “null 
for the relay and switching off the mater, 

Basically, therefore, such a circuit is stable (stationary) only with 
null’ conditions for the relay. Any movement of the control potentio- 


condition 


moter will induce an ‘error shenal’ due to change of resistance im circuit 
causing the motor to drive in one directlon or the other. This 
movement 1 used to operate the feedback potentiometer, coupbed in 
such a way as to compensate for the original change in resistance and 
restore the circuit te its ‘null’ condition again. Thus the feedback 
Control Prowides pranorirard’ mevement of the actuator relative to the 
Gciva! change in input signal (or actual movement of the control 
potentiometer), The actuator will then remain at this commanded 
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120 Abmost all modern radio comirol 
ay storms art based on Digital 
Propartianal. Intelligence & encoder at 
the Transmitter In ‘the form of polses 
ef? variable width, ging a Modulated 
RF Signal of ihe typical form shown 
Compare this signal with that of simple 
Tone Modulated RF shown in Figs, 2.6 
and 3,9, 


position as long as the control potentiometer remains in the poution it 
has been set, Thus any position from neutral te full throw in either 
direction can be set up by appropriate movement of the contral 
poten liometer 

All analog systems work on this basic principle of a varying 
‘command’ resistance (equivalent to.an infinitely variable OC voltage 
imposed on the circuit by control stick movement), with proportional 
mavemont of the control determined by a feedback potentiometer, 
Separate transmitter and receiver circuits are, of course, involved rather 
than the simple integral circuit described, with the intelligence encoded 
by the transmitter and decoded by the receiver and actuator|s) (see 
Chapter 10). 

Digital systems work on a similar basis of chosed loop servo circuits 
with feedback, but the method of originating the command and 
providing feedback differs considerably. Basically the transmitter 
encodes the sional in terms of pulses of variable width, which are 
decoded at the receiver end in terms of “pulse count' (again see Chapter 
10}. 

Proportional control systems represent the ultimate in model radio 
control requirements. They can readily provide for multiple controls 
(simultaneously operable as necessary) and infinitely variable position- 
ing (with true proportionality of movement ensured), Multiple controls 
are essential for complete control of many types of models, particularly 
aircraft, Proportional control response is.also so much more desirable 
than bang-bang movements that modern proportional systems have 
completely replaced all original multi-channel systems 

Atone time it was thought that the considerably greater complexity 
on the electronics side would inevitably mean that the cost of propor 
tional systems would be several hundreds of pounds, and thus well 
outside the means of the average radio control enthusiasts, However, 
intensive development and large scale production (particularly in 
Japan), brought prices down to be directhy comparable with reed and 
tone filter multi-channel! outhits. The latter then ceased bo be 
competitive on a price basis, which was their sole hope of survival 
against fully proportional systems, and manufacture of multi-channel 
equipment was discontinued. it had served its purpose of showing the 
meat value of multiple controls—which enabled great advances to be 
made in the desien and performance of radio controlled models, 


The proportional transmitter is oewally distinguished by a control stick capable of 
providing proportional contre! signals on two channels Smullanepusly. A separa 
trim control is ale provided tor Geach charnnel—seen to one skle and under the 
fick, 
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2 BASIC RADIO FACTS 
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WeEcinum showhnie the 


(Aree tadio contral bands 


Twin or multi-engine power is 
Pecteetly practical with modern gaafie 
caniral 


Radio waves travel with the speed of light—about 186,000 miles per 
second or 300,000,000 metres per second—and can be generated by any 
radio Trequerncy (AF) current liowing in ad circu. RF is an alternating, 


rather than a steady current, and the fre fe the number of 





complete waves generated by the source in one second, The correct 
description is “cycles: per secord', for which the abbreviation cps o 
cycles/sec was originally used. This is now replaced by the term Hert: 
abbreviated Hz, meaning “evcles per second 


Radio waves are E 





tated at very high frequenches, ranging from 
100 Hz up te 
arge numbers of yeros abbreviations are normally used—kilo of & for 
1000 and mega or Ml for 7 OO 
written 15 KHz to 100 MH, 


This spread, or radio TreqQuency $pectrum, 16 Poupghiy divided into bow 





about | 10000 He and beyond, To avoid quoting 





},000, Thus the range above would be 


frequency (long waveleneth), medium frequency [medium wave}, high 
Trequency (worl wave), very heh Trequency (VHF) and ultra high 
frequency (WHF), all of which are weed for various broadeast applica 
tions, Specitic nanrow frequency ranges of durats are allocated for 


amateur broadcasting, Transmitting on which requires an amateur 





icence, qualification for which requires passing both a written examina- 
ton on radio technology and a practical test in Morse code transmission 





ind reception. One epecitic band howe wer 





allocated for general use 
by radio control modellers in the United K nacho the 77 MHz band 


aolh a speciiic width from 26.995 MHz tio 27.255 MHz, Tr 





Tih nM 





il frequencies within this band is permitted, for radio control purposes 
only, by halders of a special ticence which can be obtained on applica- 
ation. This radio 
Heaivided Inte internationally recognised 





tion, without examination or any other type ol qualitic 








control band 16 further 
standard ‘spot’ frequencies, These are the specie frequencics at which 
crystal controlled transmitters should work, particularly when ised | 


with superhet recervers 
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LZ Spot’ (requencies in Whe “27 
megacyele” (27 MHz) radio control 
hand identified on trangmitier by a 


coloured pennant attached bo the aerial, 
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2.3 Constant amplitude radio 
frequency signal—frequency scale 
considcrably expanded. 


2.4 Radio control signal transmissicn 


is line-of-sight", 
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The term werelength has liaréeély been abandoned as descripthye of 
the position of a particular broadcast frequency in the RF spectrum, 
although it is still quoted to some extent in connection with domestic 
radio broadcasts, ¢.¢. long wave, medium wave and short wave, It is still 
of some technical interest, however, particularly in the design of acrials 
(see Chapter 5). The relationship between wavelength (in metres} 
and frequency f fin kiloherz) is quite straightforward: 


300,000 
wavelength (m) = i{kiHz) 
If fis expressed in megaherz, 
300) 
wavelength (m) = fi(MHz) 
lf the wavelength is wanted in feet, 
1,000,000 


Ls] 


wavelength (ft) f(MHz) approx. 
1,000 


or = fIMHz) approx, 


High frequency thus corresponds to a short wavelength, and vice 

VOrad. 

A basic radio transmission consists of a steady RF wave radiated 
from the transmitter aerial in all directions. This wave will have a fixed 
frequency—e.g. so-many kHz or MHz—and a constant amplitude (figure 
2.3). At the frequency of interest for radio control work (27 MHz) the 
range of transmission will extend on a ‘line of sight’ basis, with the 
power of the RF signal decreasing as the square of the distance from 
the transmitter. 

Even with high power, the ‘line of sight’ characteristic means that 
reception at a distance would be cut off by the curvature of the earth, 
Also, of course, power drops off quite rapidly with distance. Fortu- 
nately for model radio control work a long range 15 not necessary 
Models must be operated within ‘line of sight’ anyway, and even with 
model aircraft a distance of about a mile is the practical maximum at 
which it is possible to observe what the model is doing. 
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Realism in miniature=thanks to radia 
control! This could tee asian of a full 
128 aeroplane approaLching 2 pass 
landing Tield—except that the Thqure ts 
holding a tran tier, and is the “piboe’. 





2.5 Characteristic radiation patiern of 
aimime tranamitter aetial. 
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2h A modulated radio frequency 
signal is made wp by combining a ‘tone’ 
signal with a fixed frequency RF 
‘carrier’ signal, 


























Radio control transmitters can, therefore, work on relatively low 
power; and need only have a maximum range of a mile of $0, In many 
applications, e.g. control of model boats or cars, only a very short range 
is necessary for satisfactory operation, Range is also affected by the 
radiation pattern of the aerial, With the type of aerial normally employ- 
ed on radio contro! transmitters, maximum power is radiated in an 
outward and upward direction (figure 2.5). This means that the ground- 
to-air range is generally appreciably greater than the ground-to-ground 
range—a useful feature again for model aircraft control. 

Transmitter input power can range from as high as several watts, to 
as litthe a5 100 milliwatts or less, depending on the design, type and 
application involved. Low powered transmitters, used with suitable 
matching receivers, are suitable for all types of model radio control, 
provided the transmitter has a reasonably high efficiency, Only a 
proportion of the input power is transmitted as RF output power; the 
higher the proportion the greater the efficioncy of the transmitter, and 
vice versa. This is a matter both of transmitter circuit design and 
‘peaking’ the RF output transmitter by adjustment of the aerial and/or 
tuned clneuit 

A rather better type of signal for transmitting purposes is obtained 
by modifying the fixed-frequency constant-amplitude RF signal with a 
much lower frequency signal superimposed on it, This combined of 
modulated signal takes the form shown in figure 2.6, The original RF 
signal has its amplitude modulated at the frequency of the lower 
frequency signal. The original RF signal is known as the carrier wave 
(CW), and the combined signal a3 a tone modulated CW or jusi a tone 
signal. The description ‘tone’ is used because the lower frequencies 
chosen for applying modulation fall within the range of frequencies 
29 


2.7 Basie receiver ooitipiies ani 
eerlal, tuned citcuis, and detector, 


Nadel boats are another popular 
choice for radia contrad, Saler than 
mantel aircraft, sitice they are far less 
likely to suffer damage from "pilot 
aor of malfunctioning of equipment. 
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which are gud/d/e, They are generally called audio frequencies or AF. 
These range from about 30 Hz (a very low, deep note) up to about 16 
kHz (a very high pitch whistle). Tone frequencies used for model radia 
control work usually range between about 350 and 1000 Hz, with 650 
Hz being a typical average value, 

This principle of tone modulation is, in fact, exactly the same as that 
used in normal broadcasting. Transmission of speech or music is simply 
audio tones or AF superimposed on a carrier wave, The tones in this 
case are much more complex, however, and there are many more of 
them, 

For model radio control transmissions, both straightforward CW and 
tone modulated transmissions can be used. As will be seen in later 
chapters there are advantages in the use of tone signalling for even the 
simplest form of radio link. For more complex working further tones 
can be used to increase the degree of intelligence or ‘command’ trans: 
mitted, and the individual tones themselves further modified, if neces- 
sary. Regardless of the type of transmission employed, however, it is 
the carrier wave which sets the transmitting frequency, and to which 
the receiver has to be tuned. In other words, however a CW signal may 
be modulated, it is the carrier which remains at RF and is picked up by 
the aerial of the receiver at a distance. Smaller voltages and currents of 
exactly the same potter as the original signal, but with very much 
smaller amplitude, are induced in an aerial system tuned to the original 
carrier frequency, 

A, basic receiver consists of an gerial, tuned circuit, and a detector 
(figure 2 7), The aerial and tuned circuit together comprise a circuit 
which will be resonant to a particular frequency, meaning that it will 
extract RF signals present at that frequency with maximum response, 
and show litth or no response to RF signals of other frequencies. In the 
case of a radio control link the transmitter operates on a single fre- 
quency, so the receiver need only be tuned to that particular frequency, 
The tuned circuit components need only therefore provide suitable 
adjustment for the electrical characteristics of the verial circuit to 
produce ‘peak’ tuning, Once tuned in this manner it can be left, unless 
something happens to the circuit which can cause the tuning to ‘drift’, 





Tuning controls are thus basically for initial adjustment and wetting up 
to match a particular transmitter 

The purpose of the defector is to make use of the signal received by 
decoding any intelligence contained in the signal, and providing some 
sort of output, The simplest case for radio control purposes is where 
the detector merely has to detetmine whether the signal is being 
transmitted of nol, (e.g. transmitter signal ‘on’ corresponding to a 
command being given; and transmitter signal ‘off corresponding to no 
command). The output to correspond to this simple type of command 
isan on-off switching function, 

This can be made quite satisfactorily by employing a transistor (or 
valve) In what is Known a5 a superregenerative circuit which is set up to 
near-oscillating conditions, The working point of the transistor (or 
valve) is moved in and out of oscillation, depending on the presence or 
absence of RF signal in the aerial/tuned circuit, A change of working 
point produces a change in current flowing through the circuit, which 
current change can be used fo operate a relay to work as a switching 
element 

Early valve receivers worked on nothing more than this scl wp, as 
single stage superregen receivers responding to CW signals on an ‘on-off 
basis, The subsequent evolution of single-channel superregen recerver 
design can be studied in more detail in Chapter 4. Superhetercd ye 
lsuperhet) receivers, which provide far greater selectivity, are also 
desorbed in GChapter 4. These two receiver types—supenregen and 


suiperhet are the standard for mode! radio control working. 


Road vehicles are less popular for nadie 
Corntrol— ut £4 Present (rerReTous 
‘cope. (Radio Modeller pleota| 








Examples of modern single-channel 
all-ransistor transmitters, sown with 
albemnative recelwers, Fewer and fewer 
manufacturers ow produce 
single-channel equipment, 
‘proportional’ having taken over, 





3 SINGLE-CHANNEL 
TRANSMITTERS 





Lt ihe teh elerenis which @o bo 
make & transmitier 





4,2 Circuit diagram of a basic valve 
ansmither. Symbols used are those 
normally employed for model ridin 
CORLL diagrams and mot the sare a 
BS ai ribet) 

C2 is camacitor bhockhng’ the HT, C3 iy 
he grid capacitor. The radio frequency 
cnoke (RPC) it the anode load for the 
valve [¥| 








The basis of any transmitter is a radio frequency (RF) oscillator. This is 
arclatively straightiorwarnd circuit involving a suitable valve, or tran 
sistor, the object being to generate an RF signal at the required 
Irequency which can then be radiated froma matching aerial system, 
As noted in Chapter 1, such astenal can be used directly for carrier 
Wave (cw) operation of a transmitter-recelyer combination, merely by 
iTanging bo switch the transmitted RF signal ‘on’ and ‘off’ to produce 
comesponding switching response in the receiver tuned to the oF iginal 
slnal 

Early transmitters did, in fact, operate entirely on this basis, using 


the type of cincuit shown in figure a 2 


The triode valve in this mode of 
Work (ee acts as an amolilier to any sionals fed ta the ar ich, eit at the 
same time the amplified signal is returned to the prid. Provided ube 
operating conditions tor the valve are suitable, this will resuli in 
cli-generated and continuvcns oscillations being developed in the valve 
OCuUIL, 

Operating conditions are set by the grid capacitor and the grid 
resistor (grid beak), biasing the valve to the working point where i will 
oscillate Component Walues must thus be chosen to suit the valve used, 
The frequency of oselilation is then determined by the fared circuil 
(comprising the tuning coil L) and the capacitor Cl). Component 
values, again, aré chosen to prowide an oscillation frequency of 77 MHe 

lhe other important components involved in this circuit are the 
radio frequency choke (RFC) between the anode af the valve and the 
HT * supply; and the blocking capacitor C2 in the conmection between 
the valve anode and the tuned circuit. The RFC choke provides the 


neceaary anode load for the valve (Vv) to work, It needs to be a choke 


lvalve-transisieg | saingle-channe! transmitter, Mote the 


Jl ‘i 


Typical example of a hybrid 





two batteries and high voltage HT requuined for the valye circuit 








The all-transistor transmitter works off 
a sSingke low voltage batiery and can be 
made extremely compact, japan was a 
prolific source of single-channel 
ejulpment during the latter 1960s, 


3.9 Practical valve transmitter circuit. 
(oil L2 and wariable capacitor £1 fon 
the tuned circuit. Typical component 
valine: 

C2—500pF 

CI—S00pl 

A —100K 

RFG—2 millihencles. 

Valve [W}- 3A4 

LU is aerial coupling coll 





rather than a plain resistor to allow DC to pass (from HI+ to the 
anode), but to stop the RF signal from passing in to this leg of the 
circuit, The blocking capacitor works the other way round by stopping 
DC passing beyond the anode of the yalve into the tuned circuit, but at 
the same time allows the oscillating RF current to pass into the tuned 
circuit, 

To provide ‘on’ and ‘off signalling it is only necessary bo insert a key 
in.one of the battery loads, The usual place is in the HT + lead, / 
further switch can be inserted in the common negative lead to act as an 
on-or? switch for he batteries. This could, in fact, also serve as a 
signalling hey idispensing with the other key!, kata ance dh Tire sEriSi- 
tive type of switch than a simple on-off switch is required for precise 
signalling a scparate micros witch is invariably wsed for ‘keying’ or 
siprnal-switthine. 

A practical circuit of this type, together with component values, is 
shawn in figure 3.3. Lt is simple to construct and can readily be made to 





work, but it suffers from a number of limitations, particularly as 
regards low efficiency (relatively low RF output power in proportion to 
the input power supplied by the batteries), and lack of stability 
Nevertheless this type of transmitter circuit was popular in this country 
right up until the mid- 1950s, both for amateur and commercial produc: 
tions, 
Both inherent performance limitations could be overcome to some 
extent. Thus instead of using a single valve, the use of two valves 
(usually a twin valve ina single envelope) in push-pull oscillatar con- 
figuration comsiderably increased the RF power output obtainable, but 
at the expense of further increase in battery drain, The basic circuit 








44 Circult dlagram of a basic push- 
pull valve transmitter, The (British| 
DOOFO of American) 344 valves were 
the usinal choice 
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3.3. Block diagram of 
cryetal-controlled tranamitter {the 
crystal fixing the frequency of the 
csc lilator|. 


remained very much the same (figure 3.4), Lack of stability, or the 
tendency for the frequency of the tuned circuit te ‘drift’, could be 
countered by incorporating a crystal in the tuned circuit, the crystal 
restricting oscillation to its specific resonant frequency or a harmonic 
of that frequency. 


Cresta! cantro! 


The crystal control of transmitters was, in fact, obligatory in the 
United States right from the beginning of radio control development, 
No such requirement applied in Britain and crystal-controlled valve 
transmitters remained comparatively uncommon right wp to the time 
they were superseded by transistor circuits. There were a number of 
reasons for this. Originally crystals with a resonant frequency of 27 
MHz were virtually unobtainable, necessitating the use of overtone 
crystals of an-even fraction of 27 MHz. These had to be used ina 
doubler or tripler circuit to produce the stabilised transmitter 
frequency required, which was not always a satisfactory solution. More 
important still, all single-stage transmitters (ic. straightforward RF 
oscillators) operated on a ‘brute force’ basis to achieve required levels 
of RF power, which meant that the crystal was driven very hard (and 
likely to be subject to drift through heating) and the whole circuit 
required very sharp peaking. The slightest change in operating condi- 
tons could thus cause oscillation to cease. 

Single-stage valve transmitters continued in commercial production 
until about 1963 in the United States, and later in Britain, despite their 
numerous disadvantages. They were also used for tane operation, by 
combination with a tone generator circuil, which somewhat extended 
their useful life, The real answer, however, lay in the combination of an 
RF oscillator with a power amplifier. This means that the oscillator 
valve did not have to be driven hard, and so need only draw a relatively 





3.6 Block diagram of a MOPA 
single-channel tore trandemni ther. 


3.7 An American (CG) single-channel 
valve bransmitter, with component 
| values. This is fairly typical of the 
ultimate development of simple 
transmitter chroulis ushng valves. 
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low current, making the working conditions far less critical. The output 
from the oscillator was then stepped up by a following amplifier circuit, 

This combination of master oscillator and power amplifier, or MOPA 
circuit, was adopted by virtually all later valve transmitters and was 
largely responsible for the high degree of reliability achieved with such 
types. 


frig 


The general adoption of tone working, rather than CW, browght 
further improvements in reliability, largely in the inherent characteristic 
of a tone receiver to ‘lock on’ to a tone signal, thus making it less 
susceptible to interference; together with a reduction in RF power 
needed to establish a satisfactory radio link over a required or practical 
rare. 

The type of circuit shown in figure 3.6 represents about the ultimate 
achieved in single channel valve transmitters, although there were many 
other circuits of comparable performance developed differing in detail 
design. Two major disidvantages remained with valve transmitters, 
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A very successful British design af 
all-bransistor transmitter, intended for 
home construction. Cesmponents are 
witkely spaced on the circuit board for 
easy acanmbly. 





however, To accomodate adequate battery sizes they tended to be 
bulky and heavy for hand-held units (unless small batteries and short 
battery life was accepted), Also valve transmitters need both a high 
voltage (high tension) battery and a low voltage (valve heater battery). 
Only dry batteries were suitable for the former—providing a relatively 
short useful life at fairly high cost, It was inevitable, therefore, that 
ill-transistor transmitters should eventually replace valve transmitters 
for virtually all model radio control applications, 


Transistor transmitters 


Exactly the same operating principles apply in the case of transistor 
transmitters: a master oscillator generating RF followed by one of more 
stages of power amplification, as necessary, plus a tone generator to 
impose modulation on the basic RF carrier in the case of tone trans. 
mitters, 

Transistors first appeared on the model radia control scene in the 
late 1950s, but originally their cost was high, their performance often 
temperamental, and thelr power ratings (i.c, the amount of electrical 
energy they could pass) generally low. Initially, therefore, their applica- 
thon was to amplifier circuits, first in receivers and then to the amplifier 
stage(s) in MOPA transmitters. As far as transmitter design was con- 
cerned this meant a hybrid cirouit—a valve oscillator follawed by 
transistor amplifier stages—which did not offer particular advantages, or 
any savings in battery requirements. (Hybrid circuits were a different 
story on receivers where transistor amplifiers reduced the bulk and 
weight of the unit, and the number of ‘delicate’ components susceptible 
to crash damage). 


i. 








3.4 Block diagram of a modem 
tinbiorsed single-channel bone 
transmitter, 
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3.9 Basic citcuitry of a transistor 
oscillator with crystal control, There 
are various other configurations whlch 
can he used for oscillators 


Large, heavy model aircraft were 
Typical of the earty single-channel 
era—when transeniltters (and receivers) 
were bulky, boo, und required high 
voltage batberies, 
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Increasing the number of amplifier stages to compensate for 
deficiencies in output of a low power transistor oscillator is not a 
practical answer for this can produce unwanted side effects. The, 
practical all-transistor transmitter thus walted on the appearance of 
suitable power transistors, with stable characteristics, for the oscillator 
circuit, or driver stage as it is sometimes called in America, Actually this 
latter description can be misleading as a driver is more correctly the 
amplifier stage applied after RF amplication and modulation in a 
typical transmitter circuit, as shown in block diagram form in figure 
3.8 It ts thus best to refer to the RF generator as an oscillator, 

Basis of a typical transistor oscillator is shown in figure 3,9 
Numerous variations are possible in the bias circuit, which can cantral 
the quality of working. Where the oscillations are to be modulated, for 
example (tone transmitter) it is generally advisable lo avoid ‘bottoming’ 
of the oscillator as this can result in considerable distortion of the 
modulated signal. 














More then 10% rede lon 


3.10 The degree of meodulation affects 
the character of a tone olqrial 


Virtually all modern circuit are 
asembled on printed circuit panels 
These start out as a drawing, 
transferred as a ‘mirror |mage’ to 
Cop per-chad Pacoolin ar glass fibre 
Careols. 


The printed circuit is produced by 
etching, which dissolves away 
unwanted copper areas and leaves the 
copper clrcult, 


Degree of moduistion 


The degree of modulation produced by superimposing an AF (tone) 
signal on an RF carrier can vary considerably, which will show up in the 
shape of the combined waveform. Basically 100 per cent modulation is 
ideal since this provides the maximum amplitude change for detection 
at the receiver end. Over 100 per cent modulation will give the same 
amplitude change, but with ‘gaps’, equivalent to actual breaks in the 
transmission. Undersmodulation results in reduced amplitude change. 
Neither of these conditions is particularly critical for single-channel 
superregen working, provided the amount of over- or under-modulation 
is not excessive. Under-modulation reduces the amount of signal change 
the tone receiver has to detect, As the distance between transmitter and 
receiver increases the signal strength decreases, i.e, the amplitude is 
reduced. Thus the effect of under-modulation which does hot use the 
full amplitude change possible to start with is to reduce the range 

Under- or over-modulation can have a significant effect om the 
performance of a superhet receiver, however. 











Simple single-channel receiver with 
battery box and escaperment, all 
prewlred and ‘teady-to-go". 








4 SINGLE-CHANNEL Single-channel receivers now invariably employ all-transistor circuitry, 
RECEIVERS and (normally) printed circuit construction. In the case of a relayless 
receiver this can result in an extremely compact, lightweight ‘solid 





4.1 Block diagram of the witimate tate unit with a high depree of resistance to mechanical shock. In the 
development of the simple-single- case of a relay receiver, the relay ié normally mounted on the printed 
Channel relay less fecedyir superreeen, ; n ( , . * 

circuit panel, although tt can be a separate plug-in assembly, Because 
the type of relay used In modern chrouits is a fairly rugeed, low 
resishince Ty p= WALA Petty itical wchjist ment, it can be seabed im a Cree to 
protect the contacts from dirt etc, This may be additional to the 
lightweight aluminium case usually fitted to commercial single-channel 
recelyvers 

Most modern all-transistor supenregen receivers are based on the use 

of high performance, high quality transistors In fairly conventional 
circuits, The usual arrangement following the tuned circuit is a 
superregen detector transformer coupled into a two-stage AF amplifier. 
The output from the second stage of AF amplification is then trans 
former coupled into a switching stage (figere 4.7). The design mabching 
load is normally a9 ohm coll resistance escapement (relayless receiver); 
ora 30 ohm relay (relay receiver) 

Two examples of superregen circuits are shown in detail in figures 4.2 
ond 4.5 The first is typical of American practice of the era and circuits 


of thie type were widely copied, with detail modifications, 
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4.2 Ciroult diagram of a typical : it ae T iP 
AMETican single-channel! wuneregen “Op, +0 a a ff 
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receiver for relayless working. 
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4.3 British supenegen relay less 
receiver designed for home 
construction (courtesy of Radio 
Control Models and Electronics). 


Cl > D5 oF electrolytic 6.4v 
cz. ¢: 002 uF 
| to 4 oF electrolytic 10¥ 
Ca : 22 pF 
cs & 002 wF 
Ch : #&7K pF Dise, 
Gi : 25 pF ebectrofytic By 
cA : 002 eF 
co > 24 pF electrolytic 6.4% 
cio ; 10 KpF Diss, 
CW oo: AQP ebectrotytle 1Ov 
ClZ : 22 pF 
Rl : 22Kn 
R2 : iKn 
Rd i 4. 3KET RID 1S0i1 
Ra > S.6Rn Rll 470i 
RS 1 44K0 RFC 20 wH 
RG t 22KH VTI Cec17O 
RT + ikA VT2 : ocd 
Re : 2IKN WTS: ca 
RO +: SiOKM Wd oo: (Cea 
| WTS +: OC83 or HKT 218 
TI : D1) Ardenie 
LI 2 Ti turns 24 sg 
L? > 74 corns aerial wire, Total 


length 32 Ins, Cut bottom off 
B/S 7 om former 
05 5001 
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4.4 Component layout of the recelver 
circult given above, shown actual sire, 
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The second is a British circuit design, developed specifically for 
amateur construction, The circuit is non-critical, although satisfactory 
performance was dependent on using the types of transistors specified. 

This, and other similar circuits, were marketed a5 kits, with ready- 
drilled printed circuit panel and all necessary components, 
Unfortunately, however, the practicability of 'kit' designs has become 
severely restricted by lack of availability of suitable transistor types 
for these earlier circuits. 
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4.5 Block diagram of 6 single-channel 
wperhelerody ne receiver, 


Si mple Brine CUNO for switchers 
fan ie Gut On Prinbes cincult maternal 
nstead of cig hed 





Early Thyratron valve receiver with 
Tansieior amMplilicat igen. 
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Superhet receivers 


The superhet receiver is a far more complex type, involving the use of 
more stages and considerably more components, A block diagram of a 
typical superhet is shown in figure 4.5 

The basis of superhet operation is that the incoming RF signal is 
picked up by the aerial and tuned circuit in the usual way, and fed to a 
mixer stage. Also coupled to the mixer is a local oscillator circuit, crystal 
controlled to oscillate as a specific frequency above or below the RF 
senal Irequency. 

The mixer produces a5 an qutput a signal at the IF of intermediate 
frequency, This is then amplified by one or more IF amplifier stages. 
At some suitable point the audio tone present can be detected and the IF 
which is acting as the carrier discarded. The tone signal can then be 
subjected to one of more stages of AF amplification, as necessary to 
produce the required current to operate an actuator or relay direct, 
Detection and audio amplification may be achieved in one stage (e.g. with 
a single transistor working both as a detector and amplifier); or by a 
diode followed by transistor amplifier stage(s). 

Such a circult can achieve superior sefectivity of signal tor a number 
of reasons, The main one ié that the original RF signal disappears at the 
mixer stage, and an iF signal is passed on. 

The value of IF adopted is normally 470 kHz (or 455 kHz in 
America). Ut is usual to work the local oscillator at this difference 
frequency befow the transmitter RF frequency. The mode of working 


can then be followed from this numerical example. 
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4.6 In asuperhet receiver the tuned 
circuit (A) accepts the incoming signal 
and passes it to the mixer (B). The 
tocal oscillator (CC) generates a fied 
frequency signal (typically 470 kHz 
below the incoming RF signal to which 
the sec is tuned). The miser passes on 
the ‘difference’ of 1F signal toe a 
detector circuit tuned to respond only 
‘to this signal, 


ie 
—————— TT 0 He signe 





4.7 A different Incoming signal 
frequency means that the signal passed 
to the detector is different to that to 
which it is tiened to receive, Hence [t 
fejects this difference’ signal, 


Small single-channel receiver takes up 
hardly any room, even in a amall 
modell, 


Ad 


The transmitter is working on one of the ‘spot’ frequencies in the 27 
MHz. Suppose the frequency used is the first one available, i.e. 26.995 
MHz, The receiver jocal oscillator frequency will be set at 26.995 minus 
470 kHz or 26,525 MHz to produce the design intermediate frequency, 
and the mixer will pass on this difference frequency of 470 kHz. 

The next ‘spot' frequency available 's 27.045 MHz. If this is present 
(possibly from another transmitter working at the same time) and 
picked up, the difference relative to the receiver local oscillator 
frequency will be 520 kHz. The IF stages which follow the mixer 
are tuned to the IF frequency (470 kHz). The ‘difference frequency’ 
in this case is 50 KHz above the frequency to which the IF stages are 
tuned, or over 10 per cent. 

Compare this with superregen working, where the receiver tunes 
directly to the RF frequency. The difference in this case is only 50 kHz 
above 26,995 Mbz, or less than 0.02 per cent, On this basis, therefore, 
the superhet is something like 500 times better off as regards 
discriminating between the two signals. 

A further advantage is gained from the fact that since a relatively low 
frequency is passed to the IF stages, very sharp tuning is possible in 
these stages (together with amplification of the IF), This tun ing is so 
sharp as to make alignment of the IF stages critical, particularly as 
selectivity get even sharper with each stage. Once initially aligned, 
however, and providing the circuit design is stable, no further adjust- 
ment should be required on the receiver. Tuning adjustment (except for 
initial trimming which may be necessary) is eliminated by the fact that 
both the transmitter and receiver local oscillator are crystal controlled: 
the former at the specified ‘spot’ frequency for operation, and the 
latter at this ‘spot’ value less the intermediate frequency. Such crystals 
are referred to as ‘matched pairs’. It follows that if the transmitter 





Commercially produced single-channel 
feceivers arowd Ue components on a 
printed circuit base pane! to save bulk 
and welght. Here, for example, 
CaMponeant: are mounted vertically. 


4.8 Typical example of the ultimate 
development in single-channel 
receivers, A seal, fight relay less 
fecever prewired to a plug. This 
connects either directly to a recelver 
wiring hamess, inconporating battery 
Hoax, switch, and estapement Cy Pe 
achwator; or to a relay pack tor 
CONMECTINE 10 4 Motarbed Achuabor. 
Wiring harness shown provides for 
Spare Pecdiver and ekcapenent 

Bamba ries. 
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‘spol’ frequency is changed (e.g. by changing to a crystal of different 
value), the receiver (local oscillator) crystal must also be changed tor 
the equivalent of the new ‘pair’ in order to preserve the same IF to 
which the IF circuits are peak tuned, 

A further advantage offered by superhet working is the possibility of 
introducing automatic gain control (AGC). The stronger the input 
sional the greater the gain in the |F stages, If excessive, this can bead to 
clipping and distortion of the AF content of the signal to the point 
where it may be eliminated entirely 

To prevent this happening the IF stages can be made self-limiting in 
amplification by rectifying part of the IF signal at the last 1F stage and 
feeding it back as a DC bias to the input of the first stage, If the 
amplification of the IF tends to build up excessively, enough reverse 
bias is applied to the first stage to reduce its gain, and control overall 
response, ie. the overall gain is automatically self limited to an accept 
able proportion of the input signal strength, This is known as AGC, 

Automatic gain control may or may not be necessary wilh singh 
channel receivers, depending mainly on the characteristics of the 
transmitter used. Most tone transmitters produce 100 per cent 
modulation, when clipping and distortion is not likely to be harmful 
AGC may, however, be very necessary where the transmitter signal has 
less than 100 per cent modulation, even for single-channel! working. 
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Modenn transmitters invariably have a 
telescopic aerial which should be fully 
extended for normal use, (Some 
transkier circuits can be damaged by 
Operating with retracted aerial). 
Recelver aerial fs usually a 30" lempih 
" of wire, 








5 TUNED CIRCUITS 
AND AERIALS 





..) A tuned chrouil 4 uevally bead on 
2 o0T) (with inductance) and a 
capacitor (Capacitance) connected in 
parallel. The ‘old fashioned’ svimbeal for 
2 O01 ee sll used In model fadio 





conbrel diagrams 








5.2 inductive tuning with variable 
Inductance [coil wind on former with 
irom diet come). 





5.5 Capacity boning, ising 4 fixed 
inductance and variable capacitor. 


Model radia contral tramsmitter/receiver combinations are operated on 





il sigmal lrequency cH 27 MHz lor mone gnecifically at any neclividial 
frequency within the permitted working range of 26.995 to 27.255 
MHz). This means that tuned circuits, employed in both the transmitter 
and receiver, must be designed to have a resonant frequency of this 
valiit, 

A tuned circuit comprises, basically, an inductance (coil) and a 
capacitor, normally employed in parallel configuration (figure 5.7). The 
relationship between the resonant frequency of such a circuit and the 
value of inductance (L) and capacitance ((C) is given by the formula 


1000 


resonant frequency in MHz In y/LC 


where L is the inductance in microhenries (uH) 
Cis the capacitance in ploofarads (pF) 


Substituting 27 MHz as the resonant irequency required, we get 


1,000 
7s: = 
af 4/LC 
i.e af LG = 5.9 approx 
or LE = 35 approx 


The latter is a suitable ‘working® formula for circuit design. 11 means 
that to give a resonant frequency of 27 MHz the value of the induc- 
tance of the coil used {in microhenries), multiplied by the value of the 
Capacitor used (in picofarads) should equal 33, a5 a close approxi 
mation. 

It is, of course, possible to calculate the exact values of L and C 
required to give a specific or ‘spot’ frequency in the 27 MHz band, This, 
however, snot a practical approach, A close match only is required 
when, by making one of the components variable, the final circuit can 
be funed to the exact frequency required. Either the capacitor can be 
the variable component (i.e. employing a variable capacitor), or the 
inductance (e.g. by employing a corl wound on a former with an iron 
dust core which can be adjusted to vary the inductance of the coil). 
Both methods can be used; and in some cases both components may be 
made variable to provide even finer adjustment, 

The simplest case to work out is that of a fixed inductance used with 
a variable capacitor (figure 5.2). A typical value for such a capacitor 
would be a 20-60 pF tuning range. Thus taking a ‘centre’ value of 30 
pF, the required value of inductance required from the working 
formulais 

L* 2J= 35 
or L = 35/30 or a little under 1.2 microhenries 

it now remains to design a suitable size of tuning coll to match. 

The simplest type of tuning coil is. an ‘open’ winding of solid wire, as 
shown in figire 5.4, Such a form is known a6 an air cored coil, The 
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§.4 Leng (L) and Radius (iR) are the 
critical factors in designing an ait-cored 
eoil, 
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$.5 Typical alr-cored coil winding, 
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4.6 Open-wound |al-cored) coil must 
be securely and rigidly mounted, 


Early tranmnitters wene hagead on 
valve circuits with openwound 
alr-cored) tunling cela, 
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inductance can be calculated directly from the radius of the coil (R), 
the length (L) and the number of turns, viz: 


inductance, in microhenries = _B* x N? (Rand L are in inches) 
9R + TOL 

There are three variables, so two must be “guesstimated’ as being 
logical values, and the equation worked out to find the other value, 
‘This is much easier if simple values are selected for the coil geometry. 

For example, suppose a coil length of 1 in. with a diameter of 1 in. 
(radius 0.5 in.) is decided on. The value of inductance required, from 
the previous calculation, is 1.2 microhenries (approx), Substituting in 
the equation 


1.2 x (0,9 x 0.5) x N? 
(9 x 0.5) + (10x 1) 
whence N? = ao 
thus N ss &.4 turns 


Actually an 8 turn coil, | in, diameter and opened up to 1 in. long 
would be a near enough match, the very small difference in inductance 
(1.1 microhenries as against 1.2 microhenries originally specified) would 
readily fall within the adjustment range of the variable capacitor, 

The actual wire diameter does not come into the calculation, This 
would be chosen to give a nice rigid coil when wound, A typical choice 
would be 18 or 16 gauge enamelled copper wire. To make a neat coil 16 
should be close wound on a dowel of cylindrical former of suitable 
diameter, i.e, of rather less than the final inside coil diameter required 
to allow for ‘springback' when the coil is removed from the former 
(figure 5.4). The coil is then opened up to its design length, for 
mounting (usually through holes in a Paxolin panel, as shown), 

Air-cored coils can be designed to required inductance values using 
this formula with reasonable accuracy, provided the coil dimensions 
(diameter and length are reasonably large. For smaller sizes of length ot 
diameter the formula is less accurate as the actual wire diameter then 
starts to have an effect. 
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sine and number of turns required bo 
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determined by practical tesis, or 
wound to a given specification, 
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lron-cored or ‘tunable’ opils are quite a different matter. These are 
normally wound on small (e.g. 4in. diameter) coil formers which carry an 
iron dust core which can be screwed in or out Lo adjust the inductance 
(figure 5.7). It is difficult to calculate the required wire size and 
number of turns for a given former size. These are best determined on 
empirical lines. The table gives some suitable combinations to use. 

Former-wound tuning coils have the advantage of being compact and 
fully supported, They are a logical choice for the tuned circuit of 
receivers, where space saving is important, and the whole unit may be 
subject to shock loads (which could distort an air-cored coil and change 
its inductance). This latter advantage also applies for transmitter coils. 
However, air-cored coils are still widely used for transmitters. 

The most rigid type of tuning coil of all is that actually incorporated 
in the printed circuit panel. This is employed on some commercial 
circuits, both for receivers and transmitters, Being completely “fixed in 
characteristics, such tuning coils must always be associated with 
variable capacitors in the resonant circuit for final adjustment or 
trimming of the circuit, 





All modem transmitters use a 
telescopic aerial extending to 
Approximately 48" lengeh. 





Aerials 


Acrials are, in effect, another type of tuned circuit. That is to say their 
efficiency, either in radiating the RF signal in the case of a transmitter, 
of in the strength of signal picked up and fed to the following circuit in 
the case of a receiver, is very much greater if the aerial is af ‘resonant 
length’, In this case it is the wovelengit of the RF signal which is the 
parameter, although this is derived directly from the frequency, viz: 


wavelength (in metres) = a 2. 
Frequency in MHz 


The resonant fength for 27 MHz is thus 300/27 = 11.1 metres or 36 
leet approximately, This is the optimum size fora transmitter for 
receiver) aerial working at 27 MHz. 

Obviously this is impractical to consider, so an even fractional length 
can be taken as the next best thing, A quarter-wavelongth (9 feet) 
would be a logical choice and was the typical length used on older 


+ 


ground-standing transmitters. Since a physical aerial is subject to ‘end 
effect’ which tends to increase its effective length, a true quarter- 
wavelength (or quarter-wave) aerial would be more nearly & ft, 6 in. 
long, and 8 ft, a suitable size, 
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: This is still too long for a hand-held transmitter, where the aerial 
= + | length is normally half this size again—4 ft, (nominal). Actually sizes 
a ze | of anything between 30 in, and 54 in. appear to be used successfully on 
transmitters, but a 48 in, to 54 in, vertical aerial remains the best 
4 i ae Practical choice. 


Fortunately there are methods of recovering some of the loss of 


ate efficiency resulting from having to use a shorter than optimum 
5,8 Four ‘standard’ or resonant aerial 


lengths. Only the two smaller are transmitter aerial for reasons of practicality. These involve loading" the 
Practical for modded use, aerial, and tuning it for optimum match to the circuit it serves. 
sil} 
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5.9 (belt) end+oaded aerial. 5.10 
(right) centre-loaded aerial. Inductance 
of the fatter ls critical, since it canmnat 
be adjueied. Ut must be accurately 
matéehed bo Thee Meanie frequency fi 
the case of a cristal controlled 
transmitter 


5.11 Typical aerial coll windings. 
Centretoading ooll & usually abowt 2 
Lorn, lost wound on i" or {" former, 
End-oading coll 6 typhcally 16 tums 
on 2° former, with iron dust core for 
atijuebment, 





Usual mounting for Ue aerial on a 
model airctalt & to lead the wire to ihe 
top of the fin. 


Two alternative positions are possible for a loading coil, bottom 
loading being generally preferred since the coil can be mounted inside 
the transmitter case, Also it is easier to tune to an optimum match in 
the aerial circuit, e.g. by incorporating an aerial trimmer control as well 
(figure 5.9), 

It is possible to get higher efficiencies with a centre loaded aerial 
(figure 5.70). This arrangement is more cumbersome, and also makes 
matching of the coil to the aerial more critical, 

Typical specifications for aerial loading coils are shown in figure 
57]. Air-cored coils are commonly wound from 20 swg enamelled 
wire, embracing about 20 turns close wound of approximately Ein. 
diameter. The actual number of turns (or diameter) will vary with the 
length of acrial used. Miniature coils are close wound on ‘4in. diameter 
formers, usually comprising 16 turns of 28 swg enamelled wire, The 
advantage of this type (for bottom loading) is that the inductance can 
be adjusted for optimum match by means of the core slug. 

Acrial tuning can be quite critical on crystal controlled transmitters, 
This normally demands the use of a field strength meter to check the 
RF output (or some sets may have an output meter included in the 
circuit), RF output is ‘peaked by adjusting the aerial tuning and/or the 
tuned circuit, depending on how many adjustments are provided. 

In the case of a centre loaded aerial, the coil must be tuned indivi- 
dually to the aerial to match the frequency of the crystal used, 
Basically, therefore, a centre-loaded aerial can only be tuned toa 
particular spot frequency, which is against this type being used on 
transmitters with plug-in crystals which may be changed to work on 
different spot frequencies. With a properly matched centre loaded 
aerial, however, only the tuned circuit of the transmitter needs to be 
peaked for maximum RF output, 














$.12 Basic aerial radiation pattern in 
side view (top) and plan (below), 


End loading anrial ool! can be deen an 
since ft is an open coll (rather than 
wound on a former), atl mot righdiy 
SLIP peer ced, 


"Although the physical length of a 
(nominal) 48 jin, acrlal is ane-ighta of 
a wavelength, this type is known as a 
quarter-wave dipwle since the 48 In. 
Physical length represents only one 
hall of the effective length of the 
aerial, The other half is made up from 
a "mirror bmage" effect due to close 
Proximity to the ground, This can, in 
fact, result in variations in radiation 
efficiency and radiation pattern, 
depending on the type of ground, how 
Close the transmitter is to the ground, 
and wen how a hand-held transmitter 
is held (the operator's body im this case 
providing the ground tink). Suet 
effects are not usually significant when 
Operating a transmitter, but since they 
are present it is advantageous, when 
initially iaening a transmitter for maxi 
mim RF output, to hold ithe 
transmitter in the way it will marmally 
be used, with the operator standing on 
a lypical ground serface. 
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Radiation patterns 


The ideal radiation pattern of a (nominal) quarter-wave dipole aerial® is. 
shown in figure 5.72. The actual pattern achieved is usually distorted, 
however, often containing sidelobes and exaggerating the null point 
immediately above the aerial, [in plan view, the radiation may also 
depart markedly from a circular pattern, showing preferred directions 
for signal strength, although the differences in this configuration are 
usually small enough to be quite negligible, even at extreme range. 

The main fact that emerges is that maximum signal strength is 
radiated substantially at right angles to a rod aerial; and the weakest 
point for receiving the signal (it may even be a complete ‘dead" spat) is 
directly above the top of the aerial. It follows, therefore, that for 
maximum range the transmitter should be held to position the acrial 
vertically upright. For close working, ¢.g. with a model acroplane 
directly overhead at a good height, it may be necessary to angle the 
transmitter to one side to avoid the mull spot and avoid contact, 
Pointing the end of the aerial at the model to be controlled will give the 
fowest range of all, 





Radia-controlled made! helioogeter 
hovering in flight over a Tull-sized 
alecraft. The helicopter receiver 
serhal lo a velre hangheg dewn From 
the fuselage. 





Aerial coupling 


Inductive coupling is commonly employed between the aerial and 
tuned circuit. Optimum coupling is usually obtained by one complete 
turn in the case of transmitters using air-cored coils; and 2 to 2h> turns 
on transmitters OF Teeeiwers Using close wound Dunne coils on formers 
In the case of receivers the coupling turns can be made from the aerial 
wire itself, taken araumd the tuning coal. 

Alternatively, capacity coupling is commonly employed on receiver 
circuits, the aerial being connected directly to an appropriate point on 
the circuit via @ capacitor. 

Aerial design is considered non-critical in Lhe case of receivers. Any 
thin flex is suitable (normally insulated), the usual length being 30) 
inches. On any installation the aerial wire should be taken away trom 
the receiver as directly as possible and stretched out to its full length 
{e.¢, in the case of aircraft, run through the fuselage ta the top of the 
fin}. The ‘run’ of the aerial wire should ayoid close proximily to other 





circuit wires carrying alternating or fluctuating currents; and ideally 
should mot lie parallel to current-carrying wires or lengths of metal 
linkages, cbc, 

Whip aerials (or even vertical telescopic acrials) are an alternabive 
possibility—generally favoured for model boats, for example, where it is 


difficult to obtain a long horizontal run of aerial wire, l ength hay be 
reduced to 24 inches in the case of a whip aerial, if desirable. 





Rubber-driven escapement-ty pe 
actuator installed in model glider 
fuselage, 
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6.2 The principle parts of an 
Ba eMenl movement, 





Magnetic actuator mounted on same 
panel a6 recelver, Actuator i shown 
Separalely bop right. 





There are two types of actuators or devices which convert electrical 
signals Into mechanical output: (1) electro-magnetic devices based on 
an electromagnet controlling the movement of a mechanical system; (2) 
motorised actuators where the required movements are obtained 
directly fram an electric motor. 

The former type are divided into magnetic actuators, and 
escopements. A magnetic actuator consists of a permanent magnet 
surrounded by a field coil, one part (usually the magnet) being pivotally 
mounted, and spring biased to assume a certain position. If a current ts 
nassed through the field coil this now becomes an clectro-magnet, 
attracting or repelling the permanent magnet, which rotates against its 
spring restraint (figure 6.7). This can provide output movement by 
virtue of the rotation of the spindle carrying the magnet, with ‘power, 
or rather forgue, proportional to the strength of the magnetic 
aliraciion of re pulse Ma 

Although simple, and light, magnetic actuators have low power 
outputs and limited movement capabilities, normally just rotation in 
one direction, and then back again. They have little or no application 
for normal single-channel radio control, although they may be used in 
pulse proportional systems (see Chapter 8), 

The escapement can again be made small and light in weight, but its 
mechanical design can provide a varicty of different movements, beading 
to the development of different types of escapements. The basic 
operating principle is the same in all cases. An electromagnet ts again 
employed, in the form of a single coil, which is used to work a pivoted 
armature with a rocking movement, This movement controls the 
position of an arm, to which some sort of external power is applied. 
This is usually a simple rubber-band motor, but can be clockwork. The 
mechanical output power available from an escapement ts then the 
same as the amount of power applied to the arm. The power available 
from a two-strand rubber-band motor is sufficient to operate a control 
surface on a model aeroplane, 

The operating principle can be further followed from figure 6, 3 
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6.3 Escapement action can be 
followed from this diagram. 


6.4 Sequence of escapemenit | 
Movement. 





6.5 Escapement movement allied to a 
movable contra! surface, 
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which shows the simplest form of escapement with a single 
(double-ended) arm. Output motion is derived by cranking the end of 
the spindle carrying the arm, to which a mechanical linkage can be 
attached. Rotation of the crank will then drive this linkage with a 
push-pull action, 

In the ‘idle’ position the armature will be ‘rocked’ away fram the 
escapement coil by a spring, the movernent being limited as necessary 
by a stop. Since power is applied to the spindle of the arm it will be 
Irying to rotate, but will be held in a certain position by end 1 abutting 
against end A of the armature. In practice, both the arm ends and the 
armature ends are specially shaped to provide optimum ‘latching’ and 
"release" actions, 

If the escapement coll is not energised (i.e. the actuator circuit 
completed or switched on, allowing current to flow through the coil), 
the armature will pull in and release the arm. The arm now rotates, but 
is brought to a stop after a quarter-turn by end 2 abutting against 
inmature end B. 

Release of signal will cause the armature to ‘rock" out again, with- 
drawing end B from the end of the arm. The arm will thus make a 
further quarter-turn movement until brought to rest again by end 2 
abutting against armature end A. 


This sequence is shown in figure 6&4, together with the corresponding 


crank positions. To understand how this can produce corresponding 
movements of a control surface, suppose the escapement is mounted on 
its side, with the crank pointing upwards. Simple linkage as shown in 
Figure 6.5 coupling to a movable control, such as a rudder, would then 
produce the sequence of control positions shown in this diagram, 
namely: 

(1) initial position (or no signal command present)—neutral rudder 
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Typical eamee of simple magnetic 
actuator wilh cranked arm for deriving 
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Tianhamitter, (easiner and mcapement, 
showing relative sizes. Simple 
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manufacture. 


(2) signal on (energising the escapement coil}—full rudder movernent to 
one side 

(3) signal off—rudder returns to neutral position 

(4) signal on—full rudder movement to the other side 

(5) signal off—rudder returns to neutral position, 

This sequence can then be repeated indefinitely, the three important 
factors being as follows, 

(a) The contro! is self neutralising, i.e. always returns to the neutral 
position in the absence of a signal, 

(b) When a command signal is given the control moves to its maximum 
position ang will stay there as long as the signal t& held on, 

(c) Opposite control movements are only obtained in sequence, with a 
‘neutral’ intervening. In other words, to repeat a particular control 
movement—say ‘right rudder’ after ‘right rudder’ was the last movement 
before the return to newtral—the escapement must be signalled through 
the sequence of “left-rudder’ followed by ‘neutral’ and then ‘right 
rudder’, 

This type of actuator is self neutralising (known as a 5/N type), 
because it returns to neutral on release of signal. The facts that a signal 
has to be held on to produce a control position, that the movement 
involved is a “bang-bang’ type, and that control positions can only be 
signalled in sequence are all characteristics of simple single-channel 
actuators 

In a practical installation the actuator is usually mounted vertically 
and thus the crank rotates in a vertical rather than a horizontal plane. 
The necessary motion for operating a rudder control can then be 
obtained with a rocking arm type linkage, as shown in figure 6.6, 














6.6 Batic practical arrangement of 
transferring ‘rocking arm" movement 
derived from escaponvent crank into 
fudder movement 


Typical simple single-channel 
escapement assembled on Paxolin 
panel. Thit panel serves for mounting 
the escapement, Note use of single arm 
Thivement, 
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There are also alternative ways of coupling up control operating 
linkages to a vertically mounted escapement (see Chapter 12}. 

Because the action of an escapement is rapid-—moverent from 
neutral to @ control position, or from a control position to neutral, only 
takes a small fraction of a second—it is possible to switch through a 
complete sequence, if necessary, without the ‘opposite’ contral pasition 
having any effect. Also it is very easy to become thoroughly familiar 
with the sequence involved, so that signalling a particular position 
becomes instinctive. 

If, for example, the direction of rotation of the escapement arm is 
such that the first signal gives ‘right’ rudder, either control position can 
be selected on the basis of operating the transmitter key in the follow- 
ing manner, 

For aight rudder—press and hold 
For feft rudder—press-refease-press and hold 

Ifa sequence is ‘lost’—as can happen—it is only necessary to press 
and hold the signal and @bserve the response of the model to establish 
the true ‘last’ position of the escapement. 

On some transmitters this type of sequence switching is provided for 
automatically, using a joystick control instead of a simple keying switch 
(microswitch), Movernent of the stick to the right would then give a 















































single signal, held; and movement of the stick to the left a sequence ol 
switch on-switeh off-switch on and held. 

Modern simple 5/N escapements usually employ a cruciform arm 
instead of a single arm, one arm being ‘short’ and one ‘long’. The 
advantage of this is that il enables the ‘stop’ and ‘release’ actions to be 
performed by a single detent on the pivoted armature. [he actual 
sequence of movements is exactly the same. Alternatively the arm 
can be replaced by a disc with ‘teeth’ on the periphery, although 
this form is normally used with a compound escapement. 

The compound escapement produces sefective action in the design of 
the escapement itself, In its simplest form it employs a rotating disc 
with two “teeth' diametrically opposed, with the original type of 





Toothed wheel bs prefered on later ae . > i on pe ae ee ee a 
ly pe escapements, rather than double ended eee igure Scene apetication Sf = 
sainiciren nei: release the disc, causing it to rotate through a quarter-turn (90 degrees) 


until it is brought to rest by armature detent B. On release the dise will 
rotate through three-quarters of a turn (270 degrees), to return to 
neutral, stopped by detent A. 
If an ‘opposite hand’ signal is given—press-release-press and hold—the 
first signal pulse will release the disc, allowing it to rotate. By the time 
the first tooth has reached detent B position, however, the armature 
will have dropped out due to the release of signal and so rotation will 
Praun - fain continue, BY the time the tooth has completed 270 degrees of rotation 
Kald the armature will have been pulled in again, so detent B is now in the 

way to stop the motion after 2770 degrecs of rotation. This position is 
held as long as the signal is held. On release of signal, the disc rotates a 
further 90 degrees to neutral again. 

This is the same as the simple S/N movement, the only difference 
being that controlled timing is built into the movement. This Is usually 
done by adding a ratchet brake to the disc, deliberately slowing its rate 
of rotation to match normal 'press-release-press and hold’ signalling 
times, The advantage over simple 5/N working is that there is mo need 
deliberately to stop and release on the ‘opposite’ control position to 
ensure that the sequence has been properly selected, Also the actual 





6.7 Campound escapement with 
selective ‘hold’ positions 1 and 2, 
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6 Escapement with auxiliary 
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6.9 Wiring to ‘isolate’ the auxiliary 
ewilching contacts. 
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‘timing’ of the press-release-press and hold signal is less critical because 
of the slower movement involved. 

To produce ratchet braking the disc is normally made in the form of 
a gear wheel with fine teeth all around the periphery, At the top is 
mounted a loosely pivoted ‘rattler’ to work as a ratchet. The braking 
effect achieved is normally to reduce the rotational speed of the wheel 
to the order of one halt to ome second per complete revolution. The 
‘teeth’ for providing the stop-and-go action for the escapement are in 
the form of projections on the face of the wheel, the whole wheel 
commonly being a single moulding in nylon. The use of a metal wheel 
with a metal rattler must be avoided to eliminate the possibility of 
generating electrical ‘noise’ which could interfere with the receiver 
circuit. 

The same principle can be extended to provide a third ‘selective’ 
control position on the compound actuator movement, One basic 
method is to include a third tooth on the wheel, quite close to the 
neutral position so that when this position is held the main control 
linkage connected to rudder movernent is not appreciably displaced 
(figure 6.4). This third position is then selected by the sequence signal: 
press-release-press-release-press and hold, 

When this signal is received the disc rotates to a position where a set of 
auxiliary contacts are closed, these being connected to a secondary 
control circuit. 

There are, however, limitations to the use of such a third position for 
switching, The switching contacts are, in fact, momentarily closed every 
time the disc makes a complete rotation in selecting the main controls. 
This means that the secondary actuator will be given an unwanted 
momentary ‘trip’ signal with every rotation of the disc, which may or 
May not have an unwanted effect, It could, for instance, cause an 
escapement used as the actuator in the secondary circuit to ‘trip’ to its 
next sequence position each time. 

This possibility can be eliminated in the case of a relay receiver by 
using the back contacts of the relay to ‘isolate’ the auxiliary switching 
contacts, as shown in figure 6.9. The secondary circuit is wired through 
the ‘unused’ half of the relay contacts (i.c. armature and NC contact), 
Unless the third position is deliberately signalled the condition of the 
receiver relay when the third-position tooth sweeps past the auxiliary 
contacts and closes them is dropped out. Thus the acluator circuit, 
taken through the now ‘open’ relay contacts, remains broken. Only if 
the third position is held will the relay be pulled in, and the secondary 
actuator circuit fully completed and switched on, 

The method of signalling the third position is relatively cumbersome, 
however, and is normally replaced by ‘quick-blip’ signalling on modern 
compound actuators. The working of this can be explained in conjune- 
tion with figure 6, 10, 

A cam, of projection, on the disc is positioned as shown, so that a 
pair of contacts are momentarily clased every time there is movement 
away from the neutral position and immediately following it. These are 
wired through the relay contacts again, to provide ‘isolation’ of the 
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auxiliary circuit when a main control position Is signalled by ensuring 
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Either of the main control positions required will be signalled by a 
deliberate press (which may be followed by release and press again). 
Over the initial movement, when the auxiliary contacts are monvent- 
arily closed, the relay will thus be pulled in, 

if, however, a very quick signal is given—a quick ‘blip’ followed by 
immediate release—this will be sufficient to release the disc, but the 
receiver relay will have dropped out by the time the movernent has 
closed the auxiliary contacts, thus completing the circuit. This will give 
a trip signal in this circuit, sufficient to release a secondary escaperent 
to move to its next sequence position, Meantime, of course, since the 
signal is released virtually as soon as it has been given, the matin escape 
a ment disc will simply complete a full rotation, returning to its neutral 
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Timing of the ‘quick-blip' is obviously important, If not quick 
enough (i.e, if held a fraction too long), the relay will remain pulled in 
a5 the auxiliary contacts are closed and the secondary circuit remains 
open. This is a ‘safe’ form of failure as nothing will happen on the 
secondary service; and a further signal can be attempted with a quicker 
"blip' action. 

Quick-blip signalling is provided as a separate pressbutton control on 
some transmitters, rendering this signalling independent of aperator 
error. Pressing this button for any period merely trips a 'quick-blip’ 
signal of the required time interval to suit a matching compound 
escapement. 

At one time—particularly before the introduction of the ‘quick-blip: 
signalling idea—when 3-position and 4-position sequence controls were 
widely used with single-channel, mechanical switching devices were 
allied to the transmitter to provide the correct sequence signal from a 
single movement of a control stick, Thus moving the stick to the right 
6.10 Working of ‘quick-blip" signalling, would initiate a ‘hold’ signal to give right rudder. Moving the stick to 





61 











Motorised actuator with |inear output 
Mowerent. 


2 - POST 
t2P i) 


a= POSITON 
(ar) 





6.11 Two-position (2F) and four- 
position (4F} motions defined. 
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the left would automatically give a trip signal followed by ‘hold’, ie. 
equivalent to press-release-press and hold on a conventional single 
channel key. Sequence signals for the other position(s) would then be 
initiated by up or down movement of the stick, or by pressing separate 
signalling buttons, 

These devices were known as ‘bleep boxes’, In theory, at least, they 
simplified sequence operation of single-channel controls, In practice 
they proved generally unreliable because of the consequence of a ‘lost’ 
sequence which could be generated accidentally, throwing the whole. 
sequence out, The principle of ‘direct’ signalling is still applied to some 
transmitter designs, but generally restricted to the two main sequence 
positions (right or left rudder), with a separate button for ‘quick-blip’. 

The thira-pasition signalling facility normally provided on compound 
actuators has been related only to relay receivers. It can also be applied 
to relayless receivers only in this case the escapement the actuator must 
incorporate both a pair of auxiliary contacts and a second pair of 
contacts controlled by ‘position’ which take the place of the relay ‘back 
contacts' and provide the necessary form of isolation. 

This is standard practice on most modern compound escapements 
since escapements are normally selected for lightweight installations, 
where a relayless rather than a relay receiver is the logical choice. Also, 
as previously noted, relayless receiver outputs are normally designed to 
match standard escapement loads as represented by their typical coil 
resistance of & ohms. 

Self neutralising (S/N) escapements have been described first, since 
these are the normal choice for main controls—and essentially so in the 
case of aircraft rudder controls. The action of an escapement can, 
however, equally well be progressive, or merely move from position to 
position in sequence, Progressive escapements are usually described by 
the number of definite positions they provide —normally either 
2-position (2P) or 4-position (4P) (see figure & 11), 

The other difference is that to change from one position ta the next 
in the sequence a progressive escaperment only needs to be tripped by a 
momentary signal, not signalled and Ae/d in position. This makes them 
suitable for use in secondary services signalled by momentary closure of 
auxiliary contacts, 


A 2P progressive escapement will provide two definite positions, but 
a 4P escapement will only normally provide three. This can be 
explained by considering the use of the two types as a throttle control, 
as shown in figure 6.72. The two-position escapement can be linked to 
move the throtth: between extreme movements—slow or fast—and will 
move from one to the other in sequence. Thus when ‘jgnalled as an 
auxiliary service it will provide throttle changeover, ic, from fast to 
slow, or slow bo fast. 

The three-position escapement will provide two extreme throttle 
movements, with ane intermediate position (realised twice in any 
complete sequence}, The throttle control sequence available is thus: 
slow-intermediate-fast-intermediate-slow-ete, 
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6.02 Thretthe movement controlled by 
7P and 4P actuators, 


Moder motorised actuator, Ewen for 
single-channel working, motorised 
actuators eventually took ower for 
Sicapements as being more powerful 
and more reliable, 





[his has the advantage of providing an additional throttle position, but 
no positive selection. Thus if the control is in the intermediate position, 
the next signal may give either fast or slow. If the response was nol 
what was required, then two further signals will have to be given to 
achiewe the required control position, 


Extension of ose of actuofors 


One main escapement of motorised actuator is normally selected to 
provide the main control function required. A further switching facility 
on this actuator can be used to operate another service, or even services. 
Phe extent to which this is realistic in practice depends mainly on the 
application, The scope and extension of actuator services is, therefore, 
dealt with in appropriate chapters, for example: Chapter 12 describes 
single-channel aircraft control systems, and Chapter 18 single-channel 
boat control systems, These show how single channel actuators may be 
further grouped or ‘cascaded’, and how other forms of single channel 
actuators, such as sequence switchers, may be suitable for particular 
ScTViICcs. 








Phote: Radi Modeller 


In the case of cascaded actuators (either escapements or motorised 
actuators), best results are usually obtained with ‘matched’ actuators— 
Le. two (or more) produced by a single manufacturer specifically for use 
in cascade, However, the manufacture of cascaded actuators (and single- 
channel actuators generally) has tapered off considerably since 1972, and 
wich types may be difficult to find. 


Motorieed actuators 


Exactly the same functions can be performed by electric motors 
controlled by suitable switching circuits swept by brushes controlled by 
the degree of motor movement, Such units are known as moforised 
actuators, or single-channel actuators (referring to the electro-magnetic 
types as escapements). The advantages are considerably more power 
output available; generally greater reliability (mainly because they are 
divorced from reliance on mechanical trip movements with their 
possibility of ‘skipping’ or ‘binding’; and freedom from the necessity of 














Racking atm cailpil 


(3 Rotating disc and rocking arm 
output movements. 


Exaile Of a Lhtee-poulion moloriked 
dotiator wlth dise type ouibput 
movement, Cover and disc removed in 
bottom picture, 





accomodating some ‘external’ form of power (e.g. the rubber motor 
normally used to drive an escapement). On the debit side they are 
bulkier and heavier, usually considerably more costly type-for-type, and 
have a higher electrical input demand, The latter largely excludes their 
use for direction connection to relayless receivers. 

Motorised actuators would be a normal choice on all types of models 
where heavier control loads are involved, (e.g, larger aircraft and the 
operation of boat rudders). Mechanical output is usually presented in 
the form of a disc or arm with stop-and-go rotary movements to which 
push-pull linkage may be attached directly (figure 6. 13). Alternative 
coupling positions provide a range of both outpul movement and force 
mament, The thrust output available can be quite high, even when a 
small electric motor is used, because reduction gearing is used between 
the motor spindle and the output movement to provide realistic transit 
times. This results in considerable torque multiplication, 

Single-channel motorised actuators—meaning, basically, they provide 
bang-bang type control movements, responding to simple on-off signal 
inputs—are produced in all the same types a escapements: simple S/N, 
compound 5/M, and 2-position or 4-position progressive, They are also 
more readily adaptable than escapements to multi-position (sequence) 
progressive actions, if required. 

The main difference between a rotary output servo (rotary disc or 
rotary arm) and a linear output serve (push-pull action), is that the 
movement of the former is non-linear, Both the travel and rate of 
push-pull motion derived in the linkage decreases towards the end of 
the first 90 degree movement, and then increases over the second 90 
deerce or return movement. This is because the driving movement iy 
rotary, With a linear output serve the output motion is driven through 
rack and pinion gearing, As a consequence the movement has a constant 
rate of travel. 

In the case of cascaded actuators (either escapements or motorised 
actuators), best results are usually obtained with ‘matched" actuators 
i.e, two (or more) produced by a single manufacturer specifically for use 
in cascade. However, the manufacture of cascaded actuators (and 
singhe-channel actuators generally) has tapered off considerably since 
1972, and such types may be difficult to find. 
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7 SINGLE-CHANNEL 
OPERATION AND 
TROUBLE - SHOOTING 


it is an inescapable fact that the majority of radio-control ‘faults’ occur 
because equipment was never thoroughly checked and adjusted, if 
necessary, before attempting ta fly or operate the model, Particularly in 
the case of aircraft—where radio failure can be disastrous—a model 
should never be flown unless all the controls check out as working 
satisfactorily and reliably, Symptoms of ‘skipping’ actuators or some 
other incipient fault will net ‘come right’ in the air. Almost invariably 
the reverse is true, 

Wiring-up or connection faults are virtually eliminated with pre-wired 
commercial receiver-actuator-wiring harness installations (the latter 
incorporating battery connections or a battery box), The only likely 
fault is installation of the battery cells with wrong polarity in a battery 
box. If the installation has been wired up from seratch, however, it is 
essential to check the circuit through, wire by wire, before switching on 
for the first time. Mistakes in wiring up connections are very easy to | 
make, and wrong connections could cause damage to the receiver | 
transistors on switching on. 

Commercial transmitter and superhet receiver combinations are 
factory tuned and aligned and need no further adjustment or tuning. 

Superregen receivers may also be factory-tuned, but provision is made 

for individual tuning, via a fuming control, and sometimes also a 

sparate sensitivity control. Both controls are in the form of coil shugs, | 
accessible from the outside of the receiver case, and with a slotted end 
which can be turned by a screwdriver. Where two separate controls are 

provided, adjustment is interdependent to some extent. Thus alteration 

of one may affect the response of the other, With most modern 

receivers, however, only a single tuning control is used, and tuning is 

generally straightforward. Explicit directions are normally supplied 

with the equipment, 

The screwdriver used for turning a tuning control or sensiLivily 
contral must be non-metallic otherwise its proximity to the component 
would temporarily affect its behaviour. Alternatively a plastic knitting 
needle, a rod of perspex or Paxolin (sharpened to a chisel end), or 
indeed any suitable instrument of insulating material, may be used as a 
tuning tool. Some tuning slugs have a hexagonal hole for the tuning 
tool for which plastic tuning wands are available to fit. A metal Allen 
key must vor be used in such cases, 

[Initial tuning, for convenience, is best done with the transmitter and 
receiver fairly clase together, but mot too close as otherwise the signal 
may ‘swamp’ the receiver and make it impossible to tune. Transmitter 
output, for initial of close-range tuning, is usually reduced by retracting 
the aerial, Tuning, basically, then consists of finding the range of 
movement of the tuning control over which the receiver responds to the 
transmitter signal—i.e. fram one position to the other where the signal 
is ‘lost’ in each case—and then finally setting the tuning adjustment in 
the midele of this range as representing the optimum tuning position. 

The easiest way to judge whether the receiver is ‘working’ or not is 
simply to connect wp the actuator. In fact, with modern transistor 
receivers Lhis is often the only way. The receiver is obviously ‘working’ 
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of ‘on tune’ when the actuator responds to a transmitter signal, and so 
tuning is adjusted to the middle position of the ‘on tune’ range. 

With a single-channel tone receiver tuning may also be done with 
headphones. Suitable tapping points for the phones may be indicated 
on the circuit diagram or provided for on the cable plug. With the 
receiver switched on but transmitter off, a characteristic hiss will be 
heard in the phones, indicating that the super-regenerative circuit is 
oscillating correctly, With the transmitter signal ‘on’ the receiver is 
tuned until the hiss stops, The tuning control is then turned further one 
way until the hissing starts again; then back in the other direction to 
the extreme point where hissing is heard again. The middle position 
between these two settings establishes the optimum tuning point. 

A meter can be used instead of phones. The meter will show a 
nominal idling current which will drop on receipt of carrier signal, The 
receiver is then tuned for minimum idling current with the transmitter 
carrier on, and finally it is checked that when the ‘tone’ is keyed the 
receiver current rises to the specified value, 

The use of phones in the circuit, incidentally, can be extended to 
listening for ‘noise’ generated by actuator linkage, etc. It is often quite 
surprising the amount of ‘scratching’ noise that occurs on Operating 2 
control. If bad, the source should be traced and the cause rectified (see 
later). 

Tuning must then be re-checked at range, this time with the trans- 
mitter aerial fully extended and the transmitter in the normal position 
it will assume in use, e.g. held in the hand, or ground-standing. Model 
aircraft should also be held about shoulder high. Final tuning for boats 
must be done with the boat in water. Tuning procedure is exactly as 
before except that this time it will be found that the range of move- 
ment of the tuning control to stay ‘in tune’ will be appreciably reduced. 
Also the central position may be somewhat different from that found 
by initial tuning, 

The distance at which the range-check is carried out is largely 
arbitrary. A 200-yard range is generally adequate for aircraft, with less. 
for boats. It is important that a range-check és carried out, however, 

A further check must now be undertaken with the engine running, to 
see if vibration is upsetting the receiver relay (in the case of a relay 
receiver) or the actuator, causing chatter; and that there is no 
mechanically generated ‘noise’ which could interfere with the working 
of the receiver, Ideally this engine-on check should be carried out at 
both short range and long range, but with the high reliability associated 
with modern equipment a short range check only is generally sufficient, 

Should troubles show up, such as the actuator ‘skipping’, or failing to 
respond bo transmitter signal, possible causes and cures are: 


(1) Engine-receiver combination not suitable, ie. the receiver is 
susceptible to vibration in the case of an ic engine; or ‘noise’ in the 
case of an electric motor main engine. 

Possible cures for vibration troubles: 

(a) Try to reduce propeller vibration in the case of an ifc engine either 





by fitting a different propeller, clamping the propeller in a different 

position on the shaft, or balancing the propeller. 

(b) In the case of a relay receiver, try a more flexible mounting for the 

receiver and, or, try the effect of positioning the receiver in a different 

way (e.@. al right angles to the first position) 

(c) Try mounting the receiver in a different part of the model where 

vibration is less pronounced, 

(id) The relay may be critically adjusted, with the possibility that 

readjustment will cure the susceptibility to vibration. 

Possible cures for electrical interference and ‘noise’ are: 

(a) Adequate suppression of motors of actuators. 

(b) Spark suppression of relay contacts. 

(c) Bonding or insulation applied to metal linkages. 

(d) Locating the receiver as far as possible away from electric motors 

(e.g. servos or main drive motor(s)). This is no substitute for adequate 

motor suppression. 

le) Receiver aerial badly located, Reposition run of the aerial clear 
from other current-carrying wires, and avoid running paralicl to such 
wires, of mechanical linkages. 

Just how frequently tuning needs to be checked depends very much 
on the stability of the transmitter and receiver, and also whether either 
may have received mechanical damage or severe shock. Given good- 
quality equipment it is usually satisfactory bo repeat a brief short-range 
check before every outing. If after the initial range check tuning the 
extreme range given when the transmitter aerial is retracted ts found, 
future checks al just short of this range (again with transmitter aerial 
retracted) will confirm that tuning ts in order. If this (aerial-retracted) 
range is found to be drastically reduced, then re-tuning is probably 
called for, 

With some all-transistors operating with the aerial retracted or 
removed can result in overload and damage to the output transistor, 
This will nermally be noted in the instructions for that particular 
transmitter. Short-range checks cannot be made im such cases. 

A common cause of lack of range and/of sticky actuator action is 
low battery voltages, particularly when small sizes of dry batteries are 
ised. Ina majority of cases amall dry batteries (and particularly those 
used as actuator batteries) are subject to current drains far in excess of 
their nominal rating. As a result they polarise rapidly and quickly lose 
voltage, 

All battery voltages must be checked on load, i.e. when in the circuit 
and switched on. It is quite pointless to measure the voltage of a 
battery simply by putting a volbmeter across its terminals. Battery 
voltage on load should be measured when the circult has been switched 
on for a minute or so (in the case of receiver and transmilter batteries); 
ofr during the operation of an actuator (in the case of actuator 
batteries}. 

Receiver and transmitter batteries have a nominal end-point voltage 
below which satisfactory performance will not be given. This does 
not mean that they can be used right up to this pom, Range will 
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decrease all the time with falling voltage and when the battery 
approaches its nominal end point it will be quite substantially polarised 
and likely to suffer a further voltage drop quite rapidly. As a general 
rule no dry battery should be used after its ‘on boad’ voltage has 
dropped to 0.8 times the voltage it showed when new and fresh. 

Do not overlook the fact that low transmitter batteries can be just as 
much a cause of lack of range as low recelyer batteries, Receiver 
batteries are normally regarded as the ‘weak link,’ largely because they 
are of the smallest practical size to save weight and bulk, The current 
drain on hand-held transmitter batteries is quite high, however, and 
they need frequent checking, 

Battery troubles are largely eliminated by using nickel cadmium 
batteries instead of dry cells, 


Fiawalt-fimetirng 


Fault-finding is not a subject which lends itself readily to general 
discussion. Many faults which can develop are characteristic of a 
particular receiver or actuator—or even the transmitter. Others may be 
specific to installation. The mast common ‘electronic’ fault is low 
batteries, followed by dirty contacts, Provided the equipment is 
correctly set up and adjusted initially, these are the most likely 
‘electronic’ troubles—short of mechanical damage following a crash or 
component failure. The latter usually requires expert knowledge to 
check and rectify, or the return of commercial equipment to the 
manufacturer for service. 

Contacts on relays and actuators can get dirty and require cleaning. 
A more common source of “dirty contacts, however, is burning or 
pitting due to their being called upon to pass too heavy a current, This 
can occur if contacts are not fitted with are su ppression, or if the 
actuator controlled by the contact is operated on too high a voltage, 
deliberately chosen to get a more powerful ‘action’. 

Mechanical troubles which may arise are: sticking control linkages, 
either due to poor design and installation, or possibly as a result of 
crash damage; or excessive vibration or free movement due to wear on 
hinges or belleranks. These, like structural damage, represent normal 
‘model maintenance’ and should be dealt with as s90n as the trouble 
shows up. It is more important to keep a radio-controlled mode! in 
first-class condition, regularly serviced, than its free-flight (or free- 
running) counterpart. [it carries an ex pensive investment in time and 
money in its control gear. In checking the radio side at frequent 
intervals it is equally important to appreciate that the made/ also may 
require regular servicing. 








TROUBLESHOOTING GUIDE: RECEIVERS 





Fault Cause A.cthon 

Cheese not work Connection fault (1) Check batteries. 

when galtched on (2) Check battery connections 
(No bkdling current {especially spring pressure in 
ghown on meter or battery boxes). a 
as ‘hiss’ heard on (3) Check actual wiring to see if it 
‘shones ued to check). agrees with instructions. 


{4) Check for broken wires or 
moony soldered joints. 

($) Check that switch 6b working 
praperty and nol defective 
due to dirt, etc, 

Circuit fault Faulty component, 
joonmponernt) 








Dots not respond Weak batteries Check actual battery under load 


to tranemitter with suitade woltmeter, prefer- 
(idling current ably after the battery has been oft 
shown on meler for 2-3 minutes. 
whan switched An absolute minimum load 
on, ‘hiss heard Mickel cadmium woltage for satisfactory operation 
on ‘phones but Accumulatorss Check §; 0,6 times the nominal battery 
fer bone). voltage on toad which voltage (eg. in the case of a 6 volt 
showld not be bess batiery, O=.4 = 6 = 4.8 volts a 
than 1.1 welts per cell, measured on load). Replace bat- 
Recharge if teries If approaching this mini- 
necessary. mum load voltage figure. 
Faulty tuning Re-tune agalnat transmitter | trana- 


mitter on) at short distance and al 

rmnge. Do not attempt to tune 

near posible sources of imber- 

ference, eg. an iron shed or fence. 

In the case of alrcraft: fune at i 
range with the meaaiel held at 

shoulder height. 

ln thee case of beats: lone af range | 
with the model in the water. 

In both cases whe Cransmitier 
should be used in the normal 
operating position (eg. hand 


teelat}. 
Relay adjustment Check that relay & working by 
Taulty switching receiver on and off. 1 


working, readjust to circwil 4pecl- 
fleation of manufacturers recom- 
mended ‘pull in’ and ‘drop owt,” It 
mot working, suspect mechanical 
fault ln relay, 

Transmitter faut Transmitter batteries may he 
weak on transmitter faulty, trans- 
mitter geral mot connected or 
extended, or poor connection, 





Relay of escape- Faulty relay Check relay adjustment, 


ment 'chatwers adjustment 
(Matar mat Critical tuning Check luning at range 
Furie! 
Faulty tulng Re-tune as above, 
Transmitter fault Check transmitter for cenreci 


operation, ¢@. from another 
transmit, 
Outside interference 
Escapement motor Replace with smaller section 
oe Site calses motor or reduce number of turns 
escapement ta “skip' supplied, 
under vibrathon, 


Excapement motor Immediately apparent as il occurs 

wourd wreck way on winding the escapemeni 
peotor. 

Escapement faulty Paw! or detent not properly raked 
of eL. 
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TROUBLE-SHOOTING GUIDE: TRANSMITTERS 








Fault (Cause Action 
Control surface Escapement motor Replace with smaller section 
OF actuabor boo Strong—lock ing Motor OF use les funn, 
Sticks ‘on’ ecipment 
Escapement motor Enough power for one movement 
unwound bout not return, 


Central surface of 
BCluAtor sticks 
‘ol 


Controls do mot 
operate 


Controls Inter-act 


Motorised actuaters: 
(1) Motor fault 


(2) Switching circuit 
fault 
Escapement fault 


Excessive friction 
Estapement: motor 
unweund 
Escapement motor 
bho weak, 
Moborised actuabors: 
i Faulty switching 
2} Disconnected 


motor 
(3) Motor fault 
Weak actuaLor 


batteries 
Excessive friction 


Excossive 
aerodynamic boad 


Weak actuator 
batteries 
Actuator clreuit 
Fault 


Dirty contacts 


Damaged contacts 
Kiechanical failure 
Electrical 


interference 
Weak batteries 


Postibly dirty or burnt commu- 
tator—cean to reclify 
Clean cemtact surfaces, 


May be burr en pawl or detent, 
Check and adjust for proper 
action, 

Check linkage for freedam of 
Pavement. 


Check that it is rewound the 
correct way. 
May stick ‘on’ of ‘off’. 


Clean switching contacts, 
Look for disconnected wire, 


Clean commutator and/or replace 
bushes if necessary. 

Insufficient to energise coil, 
Replace. 

Too much ‘binding’ for escape- 
ment motor te move linkage—so 
free up, 

Use aerodynamic balance to cure. 
Note : Excessive aerodynamic 
load at high speeds may cqpally 
well lock 4 control position ‘on" 
by distorting the linkage and caus- 
ling binding. 


Check voltage under boad. 


lenlate actuator circuit and check 
operation independently. 

(1) Possitde wiring faults or dis- 

connections 

{3 *Dry' solder joints, 

4) Actuater coil fault 

Check and clon as mecessary, 
Re-ad|uil contact pressure. 
Contacts may be pitted, burnt ar 
even welded by using excedsive 
dttuator vwallages [this olen 
includes relay contacts). 
Check for binding linkages, 
broken of seized hinged, etc, 


Suppression or bending may be 
needed, If not wready used, 


Additional load to second actwa- 
bor too mich for 
capacity. 


battery 





Relay or escape- 
ment “Chatters: 
(Matar running] 





Lack OF Tange 


Fault 
APPaMently Mey 
aerial 

(Mo reading an 
field strength 
preter | 


Weak sipnal or 
lack of range 
[Low reading on 
fleld strenmgih 
meter and short 
rangi.) 


Engine! propeller 
com binathoen 
Receiver mounting 


Faulty adjustment 


Electrical ‘noise’ 


Faulty adjustments 


Critical tuning 


Weak batteries 


Change of aerial 


Transmitter Tault 


Caarse 


Faulty adjustments 


Circult 
disconnection 


Circuit fault 


Faulty adjustments 


Aerial fault 


Weak batteries 


Unfavourable 
oporating conditions 


Check propeller balance of change 
propeller, 
Improve shock-resistant mounting 
of recelver or mount in a different 
atthnude, 
Relay adjustment may be faulty 
o¢ weak batteries giving poor 
“hold in." 
Insulate or bond metallic linkages. 


Chack relay operating points and 





differentials against mecom- 
mendations, Specifically check 
top current at range |/balleries 


may be weal). 
Re-check tuning, 


Check recelwer and trandmilter 


batteries under load, 


Check that aerial length is correct. 


Check tranumitter operation inde- 
pendently, 


Action 

Check againgt manufacturer's 
specifications. 

Check for broken of disconnected 
wiring, fault in keying lead or 
switch 


Component failure (more difficult 
to trace without specialised 
knowledge, Return transmitter for 
check and service if necessary |. 


Recelver may not 

tuned to transmitter. 

(1) Check that aerial is proper 
length (also that the Inading 
coll & Incorperated, where 
sbecified). 

(2) Check that aerial bk properly 
mounted eg good con- 
nection at base). 

(3) Check that joints are not wily 
or dirty on teleseepic aerial, 

(4) Check that aerial is net 
earthing through Taulty socket 
of moisture on teckel. 

Check batteries under load. See 

under Receivers. 

(lj) Transmitter near damp 
ground with variable ‘ground 
coupling’ effect, 

(2) Output affected by presence 
of overhead wires, etc, 


Be GOrechy 
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Example of a model designed specially 
for single-channel "proportional! 
control, Only aircraft are sultable for 
this type of contrel, Photo Radia 
Modeller. 
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8 SINGLE- CHANNEL 
PROPORTIONAL 





a hain ort 


B.l Conttoal surlace continually driven 
by an electric motor actuator. 





|Above) Simple pulse actuator with 
spring-centred arm and slipping clutch 
added to small electric motor. 


(Right) Tranumitier pulser made as a 
separate unit and used in conpunction 
with standard singhe-channel 

irarsm iber. 


Single-channel proportional systems work on a pulse proportional basis, 
meaning that the command signal is sent in the form of pulses, the 
lengtf of the pulses being varied In response to movement of a control 
stick on the transmitter to bias the actuator to a ‘proportional’ 
position, To achieve this it is necessary that the contro! surface involved 
oscillates continuously about a neutral position: a condition which may 
appear highly undesirable at first sight but, in practice, is quite accep- 
table for model aircraft control (and certain other types of model 
controls), 

The principle of operation is as follows (see also figure & 7). The 
actuator is basically a two-position type, so that ‘on’ corresponds to 
one extreme control position and ‘off’ to the other extreme control 
position, Sending the full signal will, say, thus give full right rudder; 
when switching the signal off completely will give full left rudder. 

Instead of the signal being switched on or off as in normal single- 
channel working, however, it is transmitted continuously but chopped 
up into a series of pulses, The presence of a pulse is equivalent, to signal 
‘on’ and the absence of a pulse is equivalent to signal ‘off’. This is 
referred to as a mork (pulse present)—spece (pulse absent) form 

If the duration of the pulse is the same as that of the space (equal 
mark: space ratio) the ‘command’ is divided equally between right and 
left rudder, iin other words, the rudder will oscillate equally about its 
mean position at the pulse rate of the signal. Changing the mark:space 
ratio will now produce a bias in one direction or the other. Thus if 
there is more mark than space, there will be more signal time present 
moving the rudder to the right than the left, As a consequence the 
rudder will oscillate about a new mean position biased to the right in 
proportion to the mark:space ratio present in the command signal, 
Similarly, more space than mark will bias the rudder to the left in 
corresponding proportion, Since the mark:space ratio can be varied 














8.2 ‘Dwell’ positions for oscillating 
coniral surface with different pulse 
mark-pace ratios. 








from 100:1 {all mark) to zero (all space), this provides an infinitely 
variable selection of mean rudder position between these two extremes, 

Considering this used as a rudder control on a model aircraft the 
effect of using a slow pulse rate would be for the model to fly an 
oscillating path, responding to the rudder wagging from side to side 
continuously. The model would still follow any rudder djs, induced by 
varying the mark:space ratio. Thus with 50:50 mark:space the model 
would fly a straight course, but in an oscillatory manner, Varying the 
mark:space ratio would make the model turn in the direction of the 
rudder bias induced, again oscillating about this course, 

However, if the pulse rote is stepped up there will come a point 
where the model has not had time to react to movement of the rudder 
to one extreme position before the rudder has oscillated te the other 
extreme position, and so on, Thus although the rudder is oscillating 
continuously the model itself will fly without oscillation, and respond 
samocthly to any bias of the rudder position commanded by the 
mark:space ratio. Usually a pulse rate of 7 to 10 times a second (or 
higher) will achieve this smooth response in the case of an aircraft 
rudder control, A lower pulse rate could be used on a model boat 
nuidder control. 


Pulse transmitters 


Virtually any single channel transmitter can be adapted for pulse 
proportional control. In theory, at least, pulsing the signal on and off 
could be achieved by manipulating the normal keying switch at the 
required speed (to achieve a suitable pulse rate), and dwelling at ‘on’ or 
‘off to vary the mark:space ratio. Such a scheme is impractical, 
however, A separate pulser unit must be added in, or connected to, the 
transmitter circuit to convert to pulse proportional working. It can be 
applied to either a CW or tone transmitter, The latter is (almost) 
invariably the choice, when pulsing is applied to the tone signal, i.e. the 
pulser is inserted between the tone generator and modula or section of 
the transmitter. 


Example of a proprietary pulser, for coupling to a standard single-channel 
transmitter, 





High wing model alrcraft with a 
wingspan of up to 48 inches are usually 
ihe bast Pro podithon for “pulse 
proportional’ contro, 





Hiding coméact 


To Tire | Gee 
> ieee 


Ba Principle of simple mechanical 
fuller, 





6.5 Basic electronic pulser elroult. 








Pulsers can be either mechanical or electronic. Since the availability 
of commercial pulse proportional transmitters is more limited than 
other types, pulse proportional equipment is often home made, 
Modellers with limited knowledge or experience of electronics may thus 
tend to favour a mechanical pulser for home construction. 

One of the carly types evolved, which has proved quite successful a5 
well as being easy to understand is shown in simple diagrammatic form 
in figure & 4. |t consists, basically, of a cylindrical drum of insulating 
material driven by a small electric motor at the required pulse rate (c.g. 
10 revolutions per second or slightly more), the drum being covered by 
a tapering shape in thin copper sheet. Two contacts are arranged to rub 
against the drum. One is fixed at the ‘full copper’ end of the drum, The 
other [s arranged to slide along the length of drum in response to the 
movement of a control stick. 

AL one extreme position the sliding contact moves right off the 
copper area, corresponding to breaking the circuit or ‘all space’, At the 
other extreme of its movement it reaches the full copper area, corres- 
ponding to direct connection to the fixed brush, or “all mark’, At 
intermediate positions the mark:space ratio is determined by the 
relatively circumferential length of copper brushed by the sliding 
contact at that particular position. 

More compact forms of mechanical switchers can be based ona 
rotating disc rather than a drum. Electronic pulsers are, however, 
generally to be preferred, based on conventional multivibrator circuits, 

One such circuit is shown In figure &.5, Transistors T1 and T2 are the 
heart of the multivibrator circuit biased by the variable resistor VRI. 
This is a potentiometer, adjusted by movement of the control stick. 
Component values for the circuit can be selected to give a fixed pulse 
rate, or a second variable resistor can be introduced to provide for 
adjustment of pulse rate, (Proportional systems can also work on 
variable pulse rate as well as variable mark:space ratio, a5 described 
later.) 


Recejvers 


No special requirement is demanded of the receiver when using variable 
mark :space pulse Proportional, other than an ability for the switching 
section to be able to follow the pulse rate used. However, since the 





A Slipaing actuator is usually based on an electric motor (and there are also 
= ee cot advantages to be gained in having three switching contacts available), a 
6 Eleetric motor movement relay receiver is normally employed (or a relayless receiver coupled to a 
restrained by stops, wilh spring relay to provide the switched Output), 


Contering. 
Actuators for pulse proportional 


The simplest type of actuator for use with pulse proportional is an 
electric motor. This is coupled to a spring-loaded control, as shown in 
figure &.6, Control movement is limited by mechanical stops at each 
end of the travel, With the motor switched ‘off’ (all space}, the control 
is pulled to one extreme position by the spring. With the motor 
switched ‘on’ (all mark) the motor drives the control to the other 
extreme position against the stop. To avoid the motor being stalled at 
this control position it must be fitted with a slipping clutch, allowing it 
lo continue rotation whilst the contral has heen brought to rest by the 
stop 


such an elementary type of actuator system has distinet limitations. 
It may be used to control a boat rudder, for example, but would not 
really be suitable for an aircraft control. 

The arrangement shown in figure & 7 is considerably better, again 
using an electric motor as the actuator, since the motor is driven in 
erther direction, drive bias being provided by the relative dwell af the 
relay armature on the respective contacts, governed by the signal 





8.7 Motor ‘on-off controlled through 
relay contacts, relay ‘dwell’ thme 
cormeponding to signal mark4pace, 


Another example of a model bullit far 
‘Galloping Ghost’ control, Note 
relatively small rudder and chevator 
dieas, 
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BS Utillsathen of limit movements) 
for operating auxiliary contacts. 


Home-maike pulser attached to a 
commercial single-channel transmitter. 


mark:space ratio. A slipping clutch drive is still necessary, but a self- 
centring action can also be added to the system by spring biasing the 
control to return to its neutral position in the presence of 50:50 
mark:space ratio (when the motor is oscillating about tts centre 
position). 

in practice specially designed (or individually constructed) pulse 
proportional actuators are used in this mode, These may be of magnetic 
type, or based on electric motors. Magnetic types are simpler, but 
generally suffer from the disadvantage of having a very low mechanical 
output force to operate the control, Their use is therefore limited to 
‘ight’ control actions (e.g. rudder control on a email glider). Motorised 
actuators are normally used with single-channel pulse proportional 
sys toms, 

The services obtained from pulse proportional actuators can be 
extended in a relatively simple manner, by ‘reserving’ part of the 
movement for additional switching facilities. Thus if, for example, only 
the range between a mark:space ratio of 80:20 and 20:80 is utilised for 
driving the control over its required extremes of movement there ts an 
immediate possibility of selecting two further positions at will: all 
‘mark’ or all ‘space’ (see figure & 8). These movernents could corres- 
pond to closure of a switch controlling a separate service, €.g. a 
conventional single-channel! actuator circult. Selection of either of these 
switching positions is also direct and positive. 

The one limitation that then arises is that these extreme positions 
can only be selected and held at the expense of holding the main 
control in one or other of the extreme positions, In practice this means 
that secondary services switched in this manner need to tripped by a 
brief signal, which can then be released, Thus the secondary service(s) 
would normally be based on a progressive single-channel actuator(s}. 
One such service would be quite suitable for operating a throttle 
control (in steps) with the main proportional control function being 
rudder. 








This photograph shows clearly the 
form of the rudder and elevator yokes 
asociated with ‘Galloping Ghost" 
control systems operating off a simple 
actuator (usually a modified electric 
motor). 


8.9 Basic ‘Galloping Ghost! 
machanical set-up. Actuabor if & 
slightly modified electric maxtor, 
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‘Galloping Ghost’ 


A rather more sophisticated system has evolved from simple pulse 
proportional control in which not only the pulse width but also the 
pulse rate is made variable (by the pulser unit applied to the trans- 
mitter). Whilst this still results in an oscillating drive to the control 
surface(s) this can extend proportionality to two separate functions, 
The most practical form of this ‘double proportional’ single-chanme| 
system is known as ‘Galloping Ghost’, or simple-simultaneous 
(simple-simul)., 

A basic form of Galloping Ghost actuator is shown in figure &9. An 
electric motor drives a crank through suitable reduction gearing, 
Rudder and elevator movernents are mechanically linked to this crank 
by yokes. Spring tension is provided to ‘centre’ the movement (a rubber 
band is shown as the spring in the diagram, with stops also introduced 
to limit the crank travel.) 

Under the influence of a pulsed signal the electric motor oscillates 
about its mean or ‘centred" position. The amplitude of these oscillations 
will be directly dependent, or proportional, to the pulse rate, Ata 
particular pulse rate—and bear in mind that the ‘throw’ each way will 
be equal—the mean position of the crank in the horizontal plane and 
working in the elevator yoke, will be equivalent to meutral elevator. 
increasing the pulse rate from this condition will reduce the amplitude 
of crank oscillation, the effect being to lawer the mean position of the 
crank and lower the elevator, Decreasing the pulse fate will increase the 
amplitude of crank oscillation, raising the mean position of the crank 
and raising the elevator. Thus starting with a pulse rate of, say, 6 pulses 
per second giving neutral elevator position, increasing the pulse rate up 








2 OFOLES FER SECOND 


Pa ", 
ae hh. 
i Elawater poe | 







a rere 
Le - 5 Da ai aa 


SE LITA AL a | =< 


atte 
se 






th — 





8.10 (Above) Elevator “dwell’ position 
is controlled by pulse rate. 


60:50 MARK - SP ace 





to, say, & pulses per second will produce up elevator movement in = 
proportion to the actual increase in rate (8 pulses per second in this 

case being the maximum or full ‘up’ position). Similarly decreasing the 
pulse rate progressively down to 2 pulses per second will give corres- 
ponding proportional up elevator movement, In other words, 

proportional elevator contral has been achieved via variable pulse rate 

as the command signal, 

Considering the crank movement in the vertical plane, this produces 
the same effect as previously described, the proportional position being 
governed by the mark:space ratio of the signal. Thus a 50:50 mark: 
space ratio gives neutral rudder position. Any change in mark:space 
ratio will then give a mean rudder position to one side or the other, 
depending on whether the signal has more ‘mark’ of more ‘space". In 
both cases the mean position will be proportional to the mark:space 
ratio of the signal, 

Both the elevator and rudder controls are, of course, continually 
oscillating under the drive of the electric motor. This will have little or 
no.effect on the flight path of the model provided the minimum pulse 
rate used is mot less than about 4 pulses per second, Proportional rudder 
of proportional elevator control can thus be selected independently, 
and simultaneously, simply by manipulating the controls at the trans- 
mitter end governing mark:space and pulse rate, respectively, Usually @ 
single joystick type control lever is used, movement to one side or the 
other governing the mark:space; and movement up-and-down governing 
pulse rate. The stick has a universal movement 50 that any degree of 
mark:space can be selected with any degrec of pulse rate. 

The system does have certain limitations, particularly as regards the 
lack of true proportionality of the selected positions due to both 
mechanical and electronic interaction. Down elevator control, ton, will 
always be more powerful than up elevator, because of the different 
amplitude swept by the crank in these two positions. For the same 
angle. of movement there is more dwell time in ‘down’ than ‘up’. To 
compensate for this it is necessary to arrange the mechanical set-up that 
the elevator has more up movement than down, Usually a minimum of 
twice as much movement is required. Also the power available for 
control movement is usually fairly limited, which restricts the size of 
aircraft models to which Galloping Ghost control can be applied 
successfully, The design of the model is also important. It must be 
‘tailored’ to sult the type of control provided whilst remaining 
insensitive to the continually oscillating rudder and elevator move- 
ments, 

Ultimately the success of the system will depend on the performance 
and reliability of the actuator used, which must be a special type. 
Commercial actuators are advised rather than home made types, 
although their cost can be relatively high. 


8.11 (Left) Rudder *dweil' posliton is controlled try mark-space ratho. 
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‘Galloping Ghost’ control linkage, as 
seen from abowe, Rudder and elevator 
aré ‘waggled' simultaneously by the 
actuabor OULU. MowErnENt 


An outstanding example of a Galloping Ghost actuator is the Rand 
LR3 (figure 8.12). The crank-and-yoke motions which form the basis of 
the Galloping Ghost movement are accomodated on pivoted plates 
mounted on the actuator itself. Thus conventional pushrod linkages can 
be taken from the actuator to the rudder and elevators, The unbalanced 
elevator power previously mentioned is also mechanically compensated 
in the actuator movement itself, the elevator drive plate geometry 
providing a linear output response by amplifying the movement in the 
‘up’ range. 

As with the simpler pulse proportional systems, a separate switching 
contro! can readily be provided on Galloping Ghost actuators, e.g, 
limiting the range of mark:space or pulse rate required to produce the 
required mechanical movements and using one (or more) extreme 
position(s) to operate switching contacts. Only one switching service is 
really necessary, which could then provide (progressive or change-over) 
motor speed control using a secondary actuator, together with simul- 
taneous proportional rudder and elevator control, 


‘Galloping Ghost’ transmitters 


A standard single-channel transmitter can be converted to Galloping 
Ghost operation by the addition of a pulser providing variation of both 
mark:space ratio and pulse rate, The circuit requirements, however, are 
rather more demanding than those of simple pulsers, although these 
may have provision for varying pulse rate as well as mark:space. 


Complete ‘Galloping Ghost’ system with 
‘pulse® transmitter and joy stick oontrot, 


B12 Single-channel motorised actuator linked to battery box, with wiring mus recelver with decoder circuit and Rand 
harness incormparating on-off switch on battery connector, wtiuator mounted on the same panel. 





5.13 Typical clreult of a pulse-width 
and pulse-rate pulser. 
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Combination of pulser and standard 
transmitter, by saree manufacturer, 
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A typical basic circuit for a pulse-width and pulse-rate pulser is 
shown in igure &73. This can be built as a separate unit for connecting 
to a conventional single-channel transmitter of sultable type. 


Electronic afas 


Pulse proportional systems have so far been described in their ‘minimal’ 
form in which they first evolved, restricting the electronics to the signal 
coding at the transmitter end and deriving the output requirements at 
the receiver end by straightforward electro-mechanical and mechanical 


solutions. There are, however a number of ways in which electronic 

circuits can be used to simplify or improve the working of the system. 
Electronic suvtchers for example, can take the place of the receiver 

relay, eliminating the relay contacts which can be a source of trouble or 





Special ‘Galloping Gleowt' or pulse 
Proportional transmitter with matching 
receiver and actuator, Photo Radio 
Modeller. 











Continental syle proportional 
traramitter, 


Amembled stick, with potentiometers 
which contra! the two different signals 
generated by the pulser, 





8.14 Relayless switcher circuit 


- - 








unreliability of action, (Not all relays fitted as standard to single- 


channel receivers, 100, are suitably responsive to high rates of pulsing). 


Such a switcher, in effect, turns the receiver into a relayless type, with 
the switching output designed to match the particular type of pulse 
proportional actuator used. Equally, since the output from a relayless 
receiver is generally unsuitable for operating any form of motorised 
actuator direct, a switcher eliminates the need to employ a slave relay 

An example of a switcher circuit is shown in figure & 14, matched to 
a typical Galloping Ghost actuator. The main problem as regards 
‘match’ is in the power rating of the output transistors, which must 
stand up to the maximum current likely to be drawn by the actuator, 
The types shown in this circuit should have a current rating of Z amps, 
which is likely to cover virtually all pulse proportional actuator 
requirements. The switcher circuit is also adaptable to most types of 
modern single-channel receivers, with the connect joad and polarity of 
output. 

The commercial production of pulse proportional actuators and 
other equipment virtually ceased by 1974 since the cost became 
almost the same as that of 1-function true proportional radio control 
transmitter-receiver combinations, and associated servo. Single-channel 
pulse-proportional, however, remains an attractive f ield for the amateur 
radio constructor, The following circuits are of particular interest, 


Relay followers 


Where a relay is used as the switching element, a relay follower can be 
added to reduce the current carried by the relay contacts and thus 
minimise contact wear and arcing. 

An example of a relay follower circuit used with a motorised 
actuator powered by a centre tapped battery is shown in figure & 73. 
This is a straightforward clreuit with the transistors acting as current 





AS Transistorised relay follower 
cinoulit, 





B.lé Relay follower circuit using 
single battery. 








S.18 “Mark’ detector circuit, 


amplifiers. The main requirement is that the current rating of the 
transistors used be sultable for the current demand of the motor, 

Centre-tapped batteries (equivalent to a two-battery system) have the 
inherent disadvantage that if one half of the battery runs down before 
the other (e.2. through more use}, the ‘neutral’ position of the actuator 
(e.g. signalled by 50:50 mark:space ratio) will drift to one side, This is 
more likely to occur with dry-cell batteries where the voltage output 
declines continuously with use, 

Another type of relay follower circuit has been developed to over- 
come this possibility, combining the amplifier circuit previously 
described with a switcher circuit enabling a single battery to beused. 
The switcher section then provides the necessary reversal of battery 
polarity to drive the actuator motor in the required direction, A circuit 
of this type is shown in figure 8.76, 


Pulle onnssion defectors 


The additional switching function made possible by utilising a maxi- 
Mum Achiaior Movement lo operate a pair of contacts can also be 
performed electronically, This function can be commanded by ‘all 
mark", or ‘all space’, or both. In practice, only one switching facility is 
normally needed, and the usual choice ts the “all space’ signal condition, 
In other words, a signal in which the pulse is omitted entirely. 

The omission of a pulse in the signal can be detected by a compara- 
tively simple electronic circuit of the form shown in figure & 77. This is 
basically a time delay circuit. Transistor TRI conducts in the presence 
of a pulse (‘mark’), discharging capacitor (Cl which effectively holds 
TR2 inoperative. During ‘space’, capacitor Cl is charged, with TRI not 
conducting, the rate of charge belng set by the value of the variable 
resistor WRI, and the pulsing rate. By choosing suitable component 
values it is pessible to arrange that in the absence of a pulse (ali ‘space’ 
signal) Cl charges up fully, allowing TR 2 to conduct and operate the 
relay. The contact of this relay provide the switching elements for the 
auxiliary service, 

The same circuit can equally well be used as an ‘all mark’ detector, 
merely by inversion (ea. reversing the polarity and the types of transis- 
tors used). It can also be adapted for relayless operation, to work a 
secondary escapement, by adding a transistor driver stage, as in figure 
Ba, 

A pulse omission detector may also be employed to provide ‘fail-safe’ 
facilities. The secondary service switched by this facility can be a relay, 
the normally open (NO) contacts of which pass the common (centre 
tap) battery connection to the actuator. In the event of complete boss 
of signal there is obviously ‘pulse omission’, so the relay would pull in, 
breaking the battery connection to the motor which stops, The spring 
centring present would then return the control(s) to the neutral 
position (or at least substantially so). 

If a further secondary service was also required from the actuator, 
then this would have to be derived from an “all mark’ signal. 


85 





Compact electronic pulser mounted on 
small panel of Paxalin, 


Exumple of a transmitter circuit with 
mecial signal coding. 


Putse omission coder 


A, pulse omission detector at the receiver end is offen used with a pulse 
omission coder at the transmitter end, This is to prevent too long a 
pulse omission period being signalled which could cause certain types of 
secondary actuators to override. Such a circuit is designed Lo give an ‘all 
space’ signal of the same length when a separate control button is 
pressed, regardless of the time the signal is held on, in fact it is the 
equivalent of *quick-blip* signalling used with simple single-channel 
working (and used with secondary actuator types designed to respond 
to quick-blip signalling). 

Again this involves the use of a ‘timer’ circuit, which is shown in tts 
simplest form in figure &.20, This uses a minimum of components, but 
suffers from the disadvantage that there is a time delay inherent in the 
circuit. Operation of the command switch sets the circuit to the 
condition where the capacitor is charged up ata rate determined by the 
value of the resistance in circuit, At the same time the pulser output is 
turned off, When the capacitor is fully charged the transistor is pasi- 
tively biased to turn off and allow pulsing to resume. Releasing the 
command switch puts a short circuit across the capacity which thus 
discharges. 


Cher syaterns 


The systems described by no means exhaust the possibilities of single- 
channel pulse proportional control, but cover the main practical 


systems developed under what is generally called simple proportional of 
single-channel proportional. There are many further possible 
variations, particularly if ceceders are added at the receiver end. 





A wheel of rotary anm movement may 
be preferred on a pulser used for moadel 
Hal CONIrOS, CONIPOIING response of a 
Single-channel puls-porportional 
actuater [mot o “Galloping Glwat’ 

fy pel. 


Single-channel pulse-proportional 
control is not suitable for controlling 
scale alrcraft like this as li is newer 
completely positive, Use true 
peepertional control instead, 








The latter then come under the general description of true 
proportional! controls (sec Chapter 10), normally used with 
proportional actuators. 

No absolutely clear distinction is possible on this basis, however. For 
example, a pulse omission detector is really. a decoder, but in the 
applications described in this chapter it is specific to simple single: 
channe! pulse proportional, The type of signal used for Galloping 
Ghost, on the other hand, with variable pulse width (mark:space ratio) 
plus variable pulse rate, is really a two-channel signalling system and can 
be used, with decoders and pulse type actuators, to provide two- 
proportional functions. 

Direct pulse proportional signalling, applied to a progressive bype 
actuator, isa system which can be used successfully for model boat 
controls (e.¢. rudder-contral}. This is not suitable for aircrait rudder 
control, Equally, ‘Galloping Ghost’ is unsuitable for boat controls. 








Although reed equipment is no longer 
made, equipment of this type can still 
be purchased at bargain prices on the 

secondhand market. It can be used for 
inexpensive multi-channel boat or car 

comntmods, 
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9 MULTI-CHANNEL 
CONTROLS 
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9.1 Block diagram of multi-channel 
tone transmitter. 





9.2 Bleck diagram of multl-tone 
tranwmitier with separaie bone 
generators for simultaneous operation 
of two channels. 


Multi-channel control systems based on the use of separate tome signals 
applied to a CW transmission and decoded at the receiver end by a reed 
bank of electronic filters are now obselete. A considerable amount of 
this equipment remains in use, however and technically the perfor- 
mance of such systems is sound and reliable, within the limitations of 
‘hang-bang’ controls. 

The transmitter is basically the same as that of a single-channel tone 
transmitter, except that the AF tone generator circuit 6 extended to 
provide a number of different tones, selected and applied to the 
modulator section by the operation of separate keys (figure 9.7). In the 
case of reed operation the typical tone range uted is 330 Hz to 600 Hz 
(slightly less than one octave), Up to twelve separate tone frequencies 
may be generated with this range. 

An essential feature is that the audio oscillator is extremely stable, 
particularly where a large number of tones are involved. The most 
widely adopted method of stabilisation is the use of a toroid inductor 
of 4 to 6 millibenries. The tone generator itself is merely an oscillator 
which can be switched to work at each of the AF frequencies required. 

A single AF oscillator unit can supply any number of individual 
tones, but only one at atime. To provide for simultaneous operation of 
two tones a second tone generator is required, The number of tone 
sianals is then split between the two AF oscillators, when any one from 
each set can be operated simultancously (figure 92), 

The receiver can be either a superregen or superhet type, the only 
difference (apart from cost) being the greater selectivity offered by the 
latter, [tis ‘matched’ to a particular transmitter by having a reed bank 
designed to be resonant to the tone frequencies generated by the 
transmitter. This does not necessarily mean that the reed bank must 
have the same number of reeds as the transmitter has tones. Reed banks 
are made with three, four, six, cight, ten and twelve reeds, Transmitters 
are described by the number of separate tone signals they can produce, 
referred to as ‘channels’. Thus a4 channel tone transmitter would 
provide four tones for signalling; a 6-channel transmitter six tones, and 
soon. A Tl 2-channel transmitter could be used with a receiver having 4, 
6, 8, 10 of 12 reeds, provided in each case the resonant frequencies of 
the reeds correspond to the transmitter tone frequencies available (ie, 
tunable on the tone circuits), Any difference between the number of 
transmitter channels and number of roeds in the receiver reed bank 
merely means that the transmitter has a surplus (and unusable) signal- 
ling capacity with that combination. 

The only significance of this is that a single transmitter can be used 
with a number of matching receivers installed in different models. For 
functional requirements—or economic reasons—the number of working 
channels required in a particular model may be limited—say requiring 
only 4 channels. Another model may require 10 channels. A single 
1O-channel transmitter would then serve for both models, using a 
4-channel (4 reed) receiver in one and a 10-channel (10 reed) receiver in 
the other. 

Multi-channel recervers of this type are invariably used with 
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9.5 Two roods owitch an actuator 
direct with relayless operation, 





9.4 With a relay recelver, teeo relays 
are required toa switch each actuator. 


9.5 Transistor amplifier for converting 
amulti-actuator to relaylos working. 
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motorised actuators, generally called mu/ti-serves to distinguish them 
from single-channel actuators. Two signalling channels are required with 
each multi-servo, in order to provide selective response. 

The basic principle of servo working is shown in figure 9.3. Each 
channel works a5 a switch or or-off control working the servo 
(motor) in one direction or the other. Thus by selecting the appropriate 
channel of the pair the servo responds with movement in the required 
direction, Two types of movement are then possible, depending an the 
design of servo, The servo may drive to its extreme position and stop 
there as long as the signal is held, then return to neutral on release of 
signal. This isa ‘main control’ or 5/N multi-servo. The alternative mode 
of working is for the actuator to drive on signal and stop in the position 
it has reached when the signal is removed. It can thus be inched to any 
position within the limits of its two extreme movements, This is a 
progressive type multi-servo, Generally a S/N mullti-servo can be 
modified for progressive action by disconnecting the internal wiring 
providing the self-centring action, S/N and progressive multi-seryos may 
also be produced as separate types, 

There is also a distinction between multi-servos designed for use with 
relay receivers and those which can be used with relaybess receivers. In 
the former case the relay contacts produce the switching action control- 
ling the servo movement in the type of circuit shown in figure 94. One 
relay is used in each channel circuit, and each circuit has its own 
battery supply with opposite polarity (usually drawn from a centre- 
tapped battery). The servo circuit is thus self-contained and merely 
controlled by the switching elements, 

With a relayless receiver cach channel! output from the receiver isa 
switched current, This current is insufficient to operate the servo motor 
direct (or rather the demand of the serve motor would overload the 
transistors in the receiver switching stage), Additional current amplifiers 
thus have to be added in each side of the servo circuit, For convenience 
these are usually incorporated in the servo itself, Ordinary multi-servos 
can be converted for relayless operation by the addition of an amplifier 
(Figure 9.5), 

Wiring up is relatively complicated and requires careful attention to 
detail in order to ayoid wrong connections, The majority of multi- 
servos used with relay receivers have cight wires emerging from the 
servo, identified by colour code. The American coding usually adopted 








Transistor superhet receiver with reed 
bank, The diagrams can aasast in sorting 
out the wiring connections needed 
when using secondhand equipment 
lacking the original instructions. 


9.6 Typical B-wire connections for 
self-noutraiising acthon, 
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9.7 Typical Bewire commections for 
progressive action. 





2.8 Twowlre multi serve circuit. 


Earlier type of hybrid (valwe-transistor] 
recetver with 1f+channel reed bank, 











(but not universally so) is shown in figure 9.6 Five wires go to the two 
relays (one being a common armature connection); and three to a 
centre-tapped battery which provides power for the servo motor. This 
battery is common to all the servos in the complete system: regardless 
of the actual number of servos installed, alll would connect to the same 
battery. 

The wiring-up circuit is slightly modified in the case of servos which 
are to have progressive action since the back contacts of the relay 
(previously used to switch the self-centring action) are not used, The 
necessary modification to the wiring is shown in figure 9.7 

Some types of multi-channel servos for use with relay receivers 
incorporate spring return for self-centring action, thus dispensing with 
the switcher board and rubbing contacts necessary to provide electrical 
self-centring. This permits considerable saving in wiring, and the servo 
can be operated from a single battery. The basic circuit involved Is 
shown in figure 9.4 where only two wires are needed to connect the 
servo to the relays, and the battery is connected directly to the relay 
network. 

A typical wiring circuit for relayless operation is shown in figure 
9.9, again using the more conventional type of multi-servo with 
internal switcher board and electrical self-centring. Six wires emerge 
from the servo, three connecting to the reed bank and the other three 
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Multi-channel serve showing wiper 
type switching and printed ciroult 
Hh switch pane. 





to the battery pack. This is a centre-tapped battery as before, but with 
the addition of a further cell to provide a ‘trigger voltage’ for positive 

operation of the transistor switching circuit, This is mot the invariable 

rule. Some designs of transistor amplifier do mot require a trigger 

voltage, when the additional cell and green line connection can be 

omitted. 

For progressive action, some internal modification of the serva 
Circuit is required and the connection to the reed comb (red) is 
omitted, 

Again there are simpler types of multi-seryvos suitable for use with 
| 9.9 Typical &-wire connections and relayless receivers with simplified wiring and a capability of working off 

colour coding. a single battery. 








feed lengths. 
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Example of a reed bank with stamgered 
| 2? 





More usual fon of reed, Three 
different designs shown here, Best type 
hone with pesilive contact adjustment 
{centre}, 





G10 Typical reed allocation. 


"The med bank may, in fact, be 
pl yslcally Separated Inte two secthons 
COrrmsponding fo auch grouping tea 
bolate one group electrically fram the 
other, This con alfect the cheice of 
res used, Some servos are designed 
lo operate with split reed hanks, 
Other: may mot work with split need 
banks unless the two halees are elec: 
trically joined, Le. making it an integral 
bank agaln ebectrically. 
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Atfocation of reeds 


Selection of which channel to use for a particular service is largely 
arbitrary and there is no overall standard. Logically, and particularly 
with a large number of channels available, it would seem sense to 
separate ‘paired’ control signals by as wide a spacing as possible to avoid 
any possibility of interaction between adjacent reeds, Thus, for 
example, with a 10-channel, channels 1 and 6 would appear a good 
choice for rudder, 2 and 7 for elevator, and 30 on, giving the widest 
possible spacing between paired signals (i.c. signals controlling the same 
serve, but in opposite directions). 

In practice, this is seldom done, One of the main reasons is that with 
&-, 10 and | 2-channel equipment, simultaneous control is usually made 
available in two groups of 4, 5 of 6 signals, respectively.* There is then 
a practical need to have certain controls in one group and certain in the 
other—virtually the controls which may need to be operated simul- 
taneously. Since rudder and ailerons have a4imilar control effect, these 
can fall in the same group. Rudder and elevator, however, are the 
logical ‘simultaneous’ controls, and +o these must lie in different 
groups. This rather restricts the allocation of any remaining services and 
so typical allocation of reeds to the various control services is as shown 
in Figure & 70. Of the alternatives, the simple numerical sequence is 
often followed (e.2, | and 2 for rudder, rather than | and 3, and so on}. 
One particular reason for this is that the most likely point where 
‘overlapping’ or interference between adjacent reeds could occur with 
simultaneous signalling is usually in the middle reeds of the bank. It is 
as well, therefore, to allocate these to control services which would 
normally never be operated simultaneously (e.g, engine throttle and 
aileron), 

There may also be another reason for a definite pattern of relay 
allacation, The transmitter tone signalling on multi-channel work is 
normally dane with lever-type switches arranged with left-right move- 
ment for turning controls (rudder and ailerons) and up and down 
movervents for elevation and trim controls (elevators and motor speed). 
It does not always follow that ech of the circuits wired to the various 
switches is tunable over the full range of tones covered by the reed 
bank. Thus by disregarding a particular manutacturer’s instructions in 
allocating the relays it may only be possible to bring in a certain relay 
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(and associated control) in a ‘wrong’ position as regards keying from 
the transmitter, 


Servoailacetion 


S/N servos are used for main controls, e.g. rudder, elevator, and ailerons 
on aircraft, The appropriate channels at the transmitter end are then 
normally keyed by two-position lever switches, with spring self- 
centring. A signal is physically held on against the spring action. On 
release the lever automatically returns to its central position, switching 
off the signal and allowing the servo to self centre, 

Progressive servos are used for controls requiring ‘inching’ move- 
ments, such as throttle of ‘trim’, These are normally operated by lever 
switches with a braked movement (ie. by a friction brake or ratchet) so 
that the lever stays in the position it has been moved to when it is 
released, 

Switch positions can be chosen for ‘natural’ grouping of controls, 
and logical movements, The former is largely a matter of familiarity, 
however. A typical allocation for an aircraft system is shown in figure 
9.77 Controls which respond to natural up-and-down movements 
would have switches anranged to work ina vertical plane; and those 
with natural side-to-side movements, horizontal switching, 
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9.15 Abtemative arrangement of ‘trim’ 
matlon. 


Recelver instalation 


Receiver mounting follows the same basic requirements as described for 
aircraft installation in Chapter 15 except that vertical positioning is 
desirable so that the reed comb is aligned vertically fore and alt, This is 
the position in which the reeds are least likely to be affected by 
mechanical vibration from a motor {particularly in aircraft). The same 
consideration applies to relays in the case of a relay receiver, Vertical 
Hignment will be automatic if the relays are incorporated in the 
receiver cating a5 both the reed bank and the relays are normally 
mounted in the same plane. 


Serve instaioion 


Servos. are normally mounted in a group, close together—the only 
exception being the aileron servo in the case of aircraft which is best 
mounbed in the contre section of the wing bo simplify the linkage 
connections. Resilient mounting ls called for, provided either by rubber 
prommets at the mounting points, or by using fairly stiff foam mubber 
as an isolation mount. In the latter case bonding has proved very 
eltective for securing both the rubber to the main structure and the 
servo bo the rubber base, 

Push-pull motions from the servo output arms are taken by conven- 
tional linkage to the appropriate controls (see Chapters 15 and 18). 
Separate trim controls present rather a different proposition for here 
the servo output movement is used to modify the normal movement of 
another servo output, rather than being taken to the control concerned, 

Elevator trim applied to an aircraft control installation is a typical 
example, Both the elevator servo and elevator trim servo have their 
Oulpul motions connected toa floating lever [generally called a trim 
har}, with the pushrod transfert ing motion to the elevator horn fitted at 
an Intermediate position. For elevator operation the trim bar pivots 
about the elevator trim conmection point, Operation of the clevator 
trim serve shifts this pivot point forward of backwards, with the trim 
bar effectively pivoting about the elevator servo connecting point. This 
has the effect of shifting the neutral position as far as actual positioning 
of the elevator cogtrol itself is concerned. Proportions of the trim bar 
are designed to provide the extent of movement required in each case, 
2. normally equivalent to an elevator movement of about 10 degrees 
up and down, but restricting trim movement to about 24 degrees up 
and down abaut the true neutral . 

Hormontal positioning of the trim bar is necessary if the elevator and 
Glevator trim servos are mounted side by side. In this case the ends of 
the trim bar can slide in grooves in the fuselage sides for location (figure 
oP). 

If the trim servo i mounted in line with the ebevator serve, then 
vertical linkage of the type shown in figure 475 can be used, In both 
cases the dimensions shown are typical, with alternative positions 
provided for the elevator push rod for ‘cut and try’ adjustment of the 
actual movement. 
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Muithehannel! operation 


Multi-channel transmitters are normally crystal controlled and their 
adjustment for maximum RF output is the same as for single-channel 
transmitters, with one exception. Adjustment of RF output is always 
made with a ‘full’ signal applied (ic. tone-keyed on, mot just carrier- 
switched on), but with a transmitter providing simultaneous facilities 
one tone should be keyed on from each of the simultaneous groups. 

Additional tuning controls provided on a multi-channel transmitter 
are potentiometers for adjusting the specific tone frequencies 
penerated. This is necessary to ensure the best possible match to the 
specific resonant frequencies of the individual reeds in the receiver reed 
bank. Such tuning cannot be present, as it can differ from reed bank to 
reed bank of the same design. 


Before the tones can be tuned to the reeds, the receiver must first be 
tuned to the transmitter. This is basically the same as for single-channel 
receivers, except that it is only necessary to observe (or listen for) a 
reed to respond to signal rather than connect up a servo. If no reed 
responds to any of the tone keys over the complete range of receiver | 
tuning adjustment, then the receiver should be set to its mean tuning 
position and one of the transmitter tone controls adjusted to make a 
reed respond. Having ‘picked up’ a reed, the receiver tuning can then be 
adjusted to mid position between the extremes where the reed stops 
vibrating. 

The transmitter may, however, be provided with two separate tuning 
controls—one for adjusting the RF oscillator output, and the other for | 
adjusting the final output, To assist in RF tuning an indicator light is 
usually incorporated in the circuit as a visual guide, Alternatively a 
meter may be used, plugging inte the circuit, and adjustment made to 
realise specific working-current figures. The oscillator trimmer normally 
requires adjusiment for minimum current, shown by the indicator light 
going out, or minimum meter reading, and then being advanced a 
specified amount. The amplifier trimmer is then adjusted for maximum 
output (indicator light showing peak brightness, or maximum meter 
reading). 

Once the receiver is tuned to its optimum point cach transmitter 
tone is keyed in turn, holding the signal on and adjusting the appro- 
priate tone control (usually a potentiometer) for maximum reed ‘drive’, 
i.e. the strongest vibration of the reed. The transmitter tone key should 
then be manipulated on and off a number of times to see if the same 
amount of drive is obtained with intermittent keying. If mot, readjust 
the tone control slightly, as necessary. 

Each tone is adjusted in turn in this manner, working alternatively 
from one tone in one group to a tone in the other group, When this 
second tone has been adjusted, key both tones simultancously. Some 
readjustment of the tone(s) may be necessary to achieve maximum 
simultaneous drive, 

Poor reed drive may be the fault of the relay bank itself rather than 
poor tone tuning. |f this is suspected, and the most likely cause, such 











a5 weak batteries in the receiver or transmitter 1% first eliminated, 
adjustment of the reed contacts may be necessary. 

Optimum settings are usually as shown in figure 7%. There should 
be a clearance of about 3/64 in, between the reed and the pole piece 
of the coil, no more. Too great a clearance will result in loss of drive, 
Too small a clearance will increase the tendency for the reed to vibrate 
in sympathy when an adjacent reed is energised, that is it will increase 
the bandwidth of the frequency response, The setting of this clearance 
must therefore be a compromise between drive and false response. 

For strong drive the tip movement of each reed should be of the 
order of 1/16 in, upwards from its unenergised position, Strictly 
encaking, the longer the reed the greater the tip movement for optimum 
drive. Thus 1/16 in. tip movement can be taken a6 a desirable figure fio 
the shortest reed, increasing to 3/61 in. on the longest reed, The tip 
movement can be set by the adjustable contact (although some reed 
hanks have fixed rather than adjustable contacts, when any adjustment 
must be made by bending). Adjustment of this contact governs the 
duty cycle of the reed as a switching element. 
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performance potentialities to new F ' eo : 7 erat Pees 3 we 
invets. {L also established the basic As a final check, tuning should be repeated, if necessary, at range. With 


pattern for serves, servo installations initial adjustment, particularly, there may be a possibility of driving 

eden TT Lert Tec uoilions both reeds on the same control at the same time, causing damage to the 

for ea controls, oe a ihe contacts. This can be avoided by disconnecting the servos and simply 

Lechniques described in this chapter listening to the reed tones and observing which particular relay is 

still apply. operated in the bank, Plug-and-socket connections between receiver 
output leads and serve wiring make disconmection and re-conmection 
easy. There would normally be no need to disconnect servos for a final 
range check which, in any case, is preferably (but not essentially) 
carried out with the engine running and operation must be judged by 
the response of the control movements, This technique may also be 
necessary in the case of boats where accurate tuning can only be carried 
out with the boat in the water. 
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Proportional, popularly Known as ‘propo’, is the modern form of 
multi-channel radio control. Commands are initiated by variable signals 
generated by the transmitter, decoded by a matching receiver and 
translated in terms of proportional output movernents by a propor- 
tional servo, Feedback is invariably incorporated to ensure exact servo 
positioning, and any control position signalled is held without further 
movement until the transmitter control stick is again moved, In this 
latter respect true proportional systems differ from pulse proportional 
systems (see Chapter 8). The electronics involved is considerably more 
complicated; so much so, In fact, that proportional transmitters, 
receivers and servos are normally considered as ‘black boxes’, Le. units 
which are accepted and used without worrying about Aow they work. 

Proportional systems fall into two main categories: analog or digital 
(see Chapter 1). Analog systems preceeded digital operation, but have 
now been (almost) completely replaced by the latter type. This is 
largely because the number of channels available for analog control is 
generally limited because of complexity, intermodulation, and the sheer 
bulk of the receiver system, plus the fact that stability is generally 
inferior to that of a digital system. The basis of both analog and digital 
working is the same however. 

At the transmitter end, separate command signals intitiated by 
control-stick movement are encoded and used to modulate the RF 
output of an otherwise conventional transmitter [Figure POT), It is 
desirable that these separate command signals can be sent simul- 
laneously; and essential that in this case they da not interfere with each 
other, Le, do not generate intermodulation, This mixing is referred to as 
‘multiplexing’. Thus the encoder, shown in the block diagram, must 
perform this additional function, ie, be an encoder and multiplener. 
The main difference with ordinary multi-channel working is that cach 
individual command signal is not a simple signal (e.g. a single tone), but 
Bone which must be capable of being vanfed over a suitable range, to 
provide infinitely variable positioning of the actuator 

At the receiver end, the front section remains a basic receiver 
linvariably of superhet type). To extract the command intelligence of 
the multiplexed modulated signal it must then be followed by a 
decoder which both discriminates between the different channels and 
decodes the individual commands present in each channel. The decoder 
provides a series of outputs which are now simple forms of command 
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signals, fed to driver circuits powering the servos. Each servo operates 
on a closed loop circuit, incorporating feedback, feedback being an 
essential feature of proportional control. 

Earlier forms of proportional systems used audio tones as the 
individual command signals. Variable intelligence can then be provided 
by allocating to each individual tone a bandwidth over which it can be 
varied, with suitable spacing of these bandwidths to avoid inter- 
modulation. The encoder thus generates the appropriate (variable) tane 
signals, which are mixed for simultaneous modulation of the trans- 
mitter carrier (frequency multiplex). Movement of a control stick 
produces a change in frequency (within the allocated bandwidth for 
that frequency) in the selected audio channel. 

At the receiver end, the receiver separates the individual tones, 
allocating cach to its specific output circuit, The output can be ren- 
dered in terms of a varying voltage over the tone bandwidth [figure 
10,2), It will be seen from this diagram how such a voltage variation, 
which is directly proportional to the specific frequency of the tone 
signal at any point in the tone band, can be applied directly as propor- 
tional command to an analog servo. 
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In practice such a system has a number of severe limitations. The 
usable bandwidth available Is of the order of 4 to 6 kHz, whilst the tone 
change (or bandwidth) associated with each individual tone is about 50 
Hz. This would appear to provide sufficient separation to enable a large 
humber of tane signals to be multiplexed, Unfortunately when 
different frequencies are mixed together various cross-modulation 
frequencies are generated, particularly at ‘sum’ and ‘difference’ fre- 
quencies. This severely limits the number of separate tone signals that 
can be mixed: iin practice to three, or at the most, four, Even then it is 
difficult to avoid some degree of Inter-modulation 

Other factors which limit the usefulness of audio tones for propor- 
tional signalling are the relatively high power demand on the trans 
mitter, and the difficulty of establishing the high stability necessary in 
the tone generator circuits, Since varying intelligence is signalled by a 
small change in note (frequency), and drift in the stability of the circuit 
will initiate a false signal, and thus a positioning error at the servo. 

The more drastic problem of inter-modulation can be owercome by 
commutating or allocating separate time intervals to each tone, rather 
than transmitting them simultaneously, This is known as time multi- 
picx, Each tone has a certain ‘on’ time, and remains ‘off' for the time 
interval(s) other tones are allocated for modulating the RF signal, If the 
repetition rate is high enough—say of the order of 40 Hz—the ‘lost’ (i.e. 
signal off) period will have no effect. The receiver decoder merely has 
to ‘hold’ the appropriate signal over the commutation time to provide 
normal analog output, 

The use of a pulsed tone signal for each channel, rather than a 
variable frequency signal, provides a better mode of working, associated 
with digital decoding. Each command channel is allocated a specific 
fixed frequency tone, and the encoder renders this signal in the form of 
pulses of modulation where the pulse length is directly proportional to 
the amount of movement on the transmitter control stick. Such signals 
are Invariably time multiplexed for multiple channel working. 
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Safety maegin 


The repetition rate of the system if controlled by a master ‘clock’ 
circuit, normally working at a rate of 20 to 40 milliseconds, In other 
words, the 'clock’ generates pulses with equal intervals of ‘on’ and ‘off, 
as shown diagramatically in figure 10.3. Each signal information 
channel now comprises a separate tone signal which is variable in pulse 
width, and which is to be sent in sequence (time multiplexed). By 
selecting a suitable maximum pulse period, any number of separate 
tone pulses can be fitted into the 'gap" in the clock pulses without 
over-lapping. 

In practice the first, or channel 1, pulse is triggered by the wailing 
edge of the clock pulse. The trailing edge of the channel 1 pulse can 
then be used to trigger the channel 2 pulse, and so on. Thus effectively 
the multiplexed modulating signal is defined by a series of marrow 
pulses, cach generated by the trailing edge of the preceding pulse (figure 
10.4). It is also necessary to be able to distinguish the start of a 
sequence of multiplexed signals, This facility is automatically provided 
by the long gap provided by the clock pulse intervening between each 
repetition, All the command intelligence is then contained in these 
narrow pulses which may have a nominal period of some 1,5 milll- 
seconds, but can be varied by about plus of minus 0.5 milliseconds (i.e. 
have variable pulse width of this time order), The time interval between 
sequences allows the decoder to reset. 

The main requirement is that the width of the command pulse must 
be clearly identifiable, and there must be adequate separation between 
individual pulses. The latter requirement largely governs the minimum 


pulse time acceptable, 

A, number of electronic problems are involved, such as optimum 
shaping of the pulses for positive and consistent decoding at the 
receiver end, and also to avoid any possibility of sideband of spurious 
signal generation, or overrunning one pulse into another. However, 
since each succeeding pulse is triggered by the trailing edge of the pulse 








10.6 “On' and “ofl” piilse times. 


immediately before (t in time multiplexing, it is the position of each 
pulse relative to the preceeding pulse which is really conveying the 
signal intelligence. Widening a preceeding pulse will delay the appear- 
ance of the following pulse, and vice versa (figure 70.5). It is thus only 
necessary that the receiver decoder operate on either the leading edge 
or trailing edge of the pulses. Pulse-shaping is thus based on this 
requirement, depending on which edge of the pulse is used. The time 
interval between two leading edges (or trailing edges) of succeeding 
pulses is then a measure of the woth of the first pulse, 

The system may be further modified by introducing variable syn- 
chronisation. With a fixed clock time, and thus fixed repetition rate, 
there can be a relatively bong interval with no pulses present, if all the 
pulses are short ones (figure 70.6), It is advantageous if such an interval 
can be closed up so that there is always only a minimum ‘off time, This 
can be done by using one portion of the clock cycle to generate 
synchronisation, and over-+iding the remaining part of each cycle by a 
signal triggered by the trailing edge of the last pulse. Thus, regardless of 
the spacing of the pulses, the ‘off’ time is reduced to a safe minimum, 
In other words, the repetition rate is increased to close up the duty 
cycle with close spaced (narrow) pulses, and decreased to accomodate 
wide spaced pulses. This can result in better servo resolution. 

Interpretation of the proportional signals at the receiver end first 
necessitates the decoder identifying the start of a sequence, then 
directing the individual signals into their respective channels with on-off 
limes governed ay the respective pulse intervals between pulses (pulse 
lengths). It is, in effect, a cowefer allied to gate circuits, with inbuilt 
aynchronisation bo reset at the end of each sequence. The latter is 
initiated by the ‘synchronisation pause’ derived in the transmitter 
signal 

Signal outpul to the servo connected to cach separate service thus 
lakes the form of pulses, repeated at the clock, or frame, rate of the 
transmitter, with a pulse width defining the required position of the 
servo, The servo cincuit is mecessarily complicated for it has to generate 
i own reference pulse, controlled by pasition via feedback, compare 
is own reference pulse with the signalled pulse, and trigger drive ina 
direction to achieve null balance. A block diagram of a typical digital 
serve circuit is shown in figure 7D, 7. 

The reference pulse generator is virtually identical to that used on 
the transmitter, except that the pulse width is controlled by the output | 


position of the serve via a feedback unit conmected to jor driven by) 
the output movervent. This reference pulse is fed to a comparator 


circuit, The IN COTNT pulse hedrrimarved signal} Is alsa fed to the Com 
parator, which will have an output if there is any difference in pulse 
width (Agure 10.8), This output 05 in the form of an error signal, which 
can be negative or positive, depending on which way the servo has to 
drive to alter the reference pulse to match. In the presence of an error 
signal the servo will drive in the comesponding direction to reduce the 
error signal to zero, when It will stop. Both input and reference pulse 
widths will then be identical, meaning that the servo has taken up a 
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10.7 Block diagram of digital servo 
circuit. 
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position truly demanded by the input signal. Equally, it will fallow any 
change of the input pulse width in a similar manner. 

The repetition rate of the input signal will inevitably be greater than 
the response rate of the servo itself, which may have a transit time from 
extreme to extreme of movement of the order of | second. It is thus 
necessary to take the error plus signal and ‘stretch’ it into a longer 
pulse, suitable for tunning on the driver circuit, which is basically a 
trigger circuit allied to current amplifiers. The servo also drives with 
equal power at any position (unlike an analog servo where drive power 
is Variable depending on the amount of resistance effective in the circuit 
at any position). 

With a completely linear response the servo motor would have a 
tendency to oscillate about any null position al the repetition rate of 
the signal. This can be eliminated by providing a small deadband of 
about plus or minus 1 per cent on movement (figure 70.9). The width 
of the deadband is controlled by the trigger and amplifier circuit. 
Damping is also desirable to minimise overshoot so that the servo moves 
to its commanded position in the minimum of time (figure 10.70). 
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Analog serves 


Analog servos differ in that they are re-controlled by an infinitely variable 
input signal voltage, usually ranging between plus or minus 0,25 to 0.5 
volts. Linearity of movement depends primarily on the linearity of the 
command signal, but does not compare with that of a digital servo. 
Even with a good linear input signal, the linearity of the servo response 
will still be dependent on the linearity of the differential amplifier used 
to drive the servo motor. 

Another problem is overshoot, which is almost unavoidable and in 
the absence of sufficient damping can cause the servo to oscillate about 
its command position. Relatively heavy ‘electronic braking’ is mormall” 
necessary to reduce positioning toa single overshoot and immediate 
return to the commanded position. The circuitry required for an analog 
servo, however, is considerably simpler than that of a digital servo 
(compare figures FOOT? and fi 72}. 
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British, Aretican and |apaness 
designers follow generally this type of 
shape and layout for proportional 
tranumiltiers. Recelver (bottom left) 
housed in aluminium cae. Servos 
(right) in rectangular “box' shape. 
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10.17 Typical analog serve circuit. 
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Where only one control is available, a model aeroplane can be con- 
trolled in flight by applying this to control of direction, i.e. redder 
control, This will be a practical method of control only if the model 
itself has a reserve of inherent stability. That is, the model design is 
similar to that adopted for free-flying models, with a margin of built-in 
or automatic stability which enables the model to recover its initial 
flight path after being disturbed by a gust, or some other influence. 

This also influences the type of control possible for rudder. It must 
be capable of automatic self-centring or return to neutral rudder 
position, to allow the model to recover a normal flight path after it has 
been influenced by rudder movement, This demands the use of a 
self-neutralising (S/N) actuator. Normal choice would be an 5/N 
escapement for the smaller models, and an‘5/'N single-channel 
motorised actuator for larger models. 

Rudder-only control has far more scope than would appear at first | 
sight—and also a number of limitations, although these can be 
countered to some extent. Dealing with scope first, "bang-bang’ rudder 
movement will obviously give a choice of selecting ‘right’ or ‘left’ turn, 
Response to rudder movement is powerful and rapid on a free-flyling 
model, and so the use of a sefective actuator rather than a simple S/N 
type is to be preferred, as this reduces the chances of ‘pilot error’, 
Considerable practice is then needed in order to judge how much 
rudder can be held on at atime, eg. the ‘timing’ of the ‘on’ signals 
given by pressing the transmitter butten, 

It a rudder position is signalled and held on, the model will 
commence a steep turn which will almost immediately develop into a 
spiral dive, the rate of turn and the rapidity into which it will develop 
depending on the size of rudder and amount of movement, the design 
of the model, and to a lesser extent the free-flight trim of the model. 
The two latter effects will be very much smaller than actual response to 
rudder. 

The spiral dive is one, quite dramatic, manoeuvre which can be 
perfonmed with rudder-only contral—but it is only safe if the model has 
sufficient altitude to start with, and enough height left when the rudder 
is returned to neutral for the model to recover to its normal flight path. 
To perform a smooth turn it is necessary to ‘blip’ the required rudder 
control on and off, the timing of the ‘on’ signals controlling the rate of 
turn. In other words the model is made to complete a turn through a 
series of partial turns (initiated by signal on) and recoveries (signal off). 
At the same time the model will tend to roll inte the turn and then roll 
in the opposite direction. This ‘rocking’ motion may or may not be 
apparent at a distance, it depends on the aerodynamic characteristics of 
the model and the ‘timing’ of the control signals. 

Asecondary effect will also be noticed in rudder-only turns. As the 
model starts to turn the nase will tend te drop: and as it reoovers the 
nose will tend to rise. A steep turn, therefore, will result in the model 
nosing down and picking up speed. When the control is taken off to 
allow the model to recover inte a straight flight path the excess speed 
will cause {L bo nose up into a zoom, or even a stall, 
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This can be controlled to some extent by the rate of turn signal- 
led—or even by making a partial turn in the opposite direction to get 
the nose down again after recovery from a fairly tight turn, Zooming 
after a turn can also be reduced by trimming the model in a slightly 
under-elevated condition, compared with a normal ‘tree flight’ trim. 

This under-elevated trim is also helpful in improving the penetration 
of the model against a headwind_ Free flight models are normally 
trimmed to climb under power and will have little forward penetration, 
relative to the ground, when heading into wind. Radio controlled 
models need to have a more under-elevated trim so that thelr forward 
speed is increased and the rate of climb reduced—more nearly to 
horizontal flight than climbing flight. There is a limit to which this can 
be carried out, however, Too much under-eleyation can make the model 
Singie-channel models spend most of drop its nose rapidly and lose height excessively in even moderate turns, 
TOP Mapes LGR, Rudder control itself can also be used as a form of ‘trim’ or elevator 
This is a check for a suitable design, control, |f alternate rudder positions are signalled on rapidly the model 
Scale type like this can be tricky to will fly an S-path instead of a straight course, starting a turn in one 
fly. direction, recovering, starting a turn in the opposite direction, and so 
on. The loss of height inherent in making a rudder-turn means that the 
nose of the mode! will be forced down, so that the model increases 
speed and loses height in flying the S-path. A skilled pilot cam use this 
technique to effect a change of trim during fight, ¢.¢. to change a climb 
into a shallow dive to improve penctration when heading upwind. A 
practical limitation which can arise in this case, using an escapement, is 
that the large number of individual signals employed may unwind the 
escapement motor before the end of the flight, when further control is 
bors, 

Further manoeuvres are possible using the basic control responses 
described; and if necessary adjusting the trim of the mode! to suit. In all 
cases Lhe response achieved will also be related to the aerodynamic 
characteristics of the model. The control possibilities with rudder-only 
can be summarised as follows: 








| 

| A, ateam-engine powered radio 

} controlled model in Might! Practical 
only with very lightweight 
consiructlon and wltralightweight radia 

installation. This is an outetanding 

! cxample of what can be achieved by 

skilled modellers wanting to try 

something different, 
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A back-mounted tranamitier, Hung on 
adirap, Possibhe with single-channel 
whtre only 2 single kewing control ik 
required which can be on an extension 
liad, Modern transmitters are small and 
leghtenough to be carried in the hand. 





Level funn. Blip the same rudder signal on and off at a rate sufficient 
to keep the model turning, but with insufficent dwell with the ‘on’ 
signal to cause the nose of the model to drop. The reve of turn will then 
be controlled by the rate at which the signal is blipped on and off. 
Ciimbing turn. As for a level turn, but with even less ‘on’ sigmal and a 
slower rate of blipping. It may be necessary to reduce the degree of 
under-elevation on the model trim te achieve climbing turns, 
Diving turas. As for level turns, but increasing the dwell for the ‘on’ 
signal. |: may be necessary to apply opposite rudder to counter a zoom 
when the model recovers to its normal straight path, 
Gliding tunis As above, but this time the rudder effect will be less 
marked because of the absence of slipstream and slower flying speed, 
The dwell time for signal ‘on’ will have to be increased to compensate. 
Spiro! dive. Starting with sufficient altitude in hand, hold om a rudder 
position, Note that this produces a spiral dive and wor a true spin, Use 
alternate rudder signals for ‘elevator effect’ to counteract the zoom on 
recovery, 
Loop, Make two or three turns of a spiral dive, then allow rudder to 
neutralise so that the model recovers inte straight flight heading 
upwind. The exocss specd built up in the spiral dive can be sufficient to 
carry the model right over to complete a loop, It may be necessary to 
reduce the inittal under-elevated trim to 2 minimum to achieve this, 
Siai! tue, As for loop, but with reduced turns in the spiral dive for 
more under-clevated trim) so that the model zoormé up inte a stall on 
recovery. At the top of the stall, apply a touch of rudder 
Roll Build up speed with two or three turns of a spiral dive and 
recover to straight flight in a crosswind direction. Blip on left rudder, 
then hold on right rudder. The actual form of roll resulting will depend 
on the acrodynamic characteristics of the model and its trim. Some 
models, particularly slower flying types, cannot be made to moll at all 
Other variations are possible, partiqularly those based on the zoom 
following aspiral dive, depending on the acrodynamic characteristics 
ind trim of the model. For example, it may be possible to roll the 
madel off the top of a loop, The spiral dive is also the manoeuvre which 
can be used to lose excess height quickly, e.g, to prevent the model 
flying out of sight, or out of range. Here it must be remembered that 
the mode! will also lose ground downwind, Sufficient height in hand 
should be available on recovery to fly the model back, using alternately 
blipped rudder to lose further height as necessary and increase pene- 
tration upwind, 


Rudder plus motor speed 


Using a compound actuator It is relatively simple to add motor-speed 
control ona powered model aircraft, although this mecessitates the 
inclusion of a second (secondary) actuator of the progressive type. 
Again the actuators can be escapements or motorised actuators. For 
ease of control selection the compound actuator should be of the type 
which accepts ‘quick-blip’ signalling for the secondary service. The 
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One attraction of single-channel is that 
there are a large number of Inexponsive 
aircraft kits with pre-cut parts which 
make excellent subject for 

midder-only contra. 





Electric power for alrcraft is the 

latest development in radia 
controal—allent and quiet in Flight. Mow 
of the development work with this 
type of R/C model has come fram 
Germany. Model shawn ft powered by 
tein ebectric motors and “pusher' 
propellers, 


112 Rurdider control using a 
Oren single-channel anal a 
secondary actuator, Linwsual actuator 
Teature of this hookup is the 

* 'double-siched" rudder linkage. 
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secondary actuator can be of the 2-position of 4-position type, depend- 
ing on the throttle response of the engine used. Thus some engines 
fitted with throtthe controls are really responsive only to ‘slaw" and 
‘fast’ positions of the throttle arm, with intermediate positions having 
litthe effect. In this case a 2-position actuator is suitable. if the engine is 
responsive to progressive throttle movement, then a 4-position actuator 
will give a choice of three engine speeds (see Chapter 6). 

The addition of throttle control does not extend the range of 
Manoeuvres possible so much as make certain manoeuvres more casy to 
perform, Certainly it provides a more direct method of height control: 
reducing engine speed will put the model into a ‘powered glide’, It is 
generally recommended where the size and type of model is such that it 
can readily accommodate a second actuator; and suitable engines are 
available with throttle control, Throttle control is usually least effec: 
tive—and often not available as a standard conversion—with a number 
of the smaller sizes of engines, As a general rule, too, glow motors are 
more responsive to throttle control, and more reliable in this respect, 
than diesel engines. 

Rudder control with the addition of motor-4speed control is still 
generally classified as ‘rudder-only" control 


Rudder pilus elevator contrat 


Elevator control is no alternative to rudder contrel and so can only be 
considered as a secondary service with rudder as the main control, The 
valve of elevator control, on the other hand, is fairly obvious. |t can be 
used to cornect the ‘dive’ and ‘zoom’ tendencies initiated by a turn and 
recovery from a turn, respectively, as well as being a ‘trim’ or altitude 

control. 




















11,3 Special type of estapement with 
extra mechanical movement for ‘kick 
elevator’ action. 


Because of the rapid and critical response of aircraft control move- 
Mens tt is not possible to utilise a 4-position self-centring main 
actuator which could provide for se/ective operation of both rudder and 
elevators controls. Instead it is best to regard the elevator control asa 
secondary service which can be selected simply, and quickly. The most 
practical method is the adoption of ‘kick elevator’ 

This kick’ movement is provided for at the ‘third position’ of certain 
escapements (sce figure 17.3). When this position is selected and held, a 
trip action produces a rotary movement on a separate crank which can 
be linked to the elevators to provide ‘up' or ‘down’ movement, Rudder 
is not affected by holding this signal and the escapement wheel position 
corresponds to (near) neutral rudder position. Equally, rudder cannmat 
be signalled whilst the elevator movement is being held. On rélease of 
signal the escapement returns to neutral and the elevator is centralised 
by spring action, 

“Kick elevator’ movement can be used to provide up or down 
trim—or even full up or down elevator movement, if required; but not 
both up and down elevator movement. 

The fact that the elevator will have a momentary ‘kick’ movement 
for every rotation of the escapement wheel will have no affect on the 
normal flight path. The advantage of this system is that the elevator 
movement is obtained from the rudder actuator, ie, only one escape 
ment is needed. A similar sort of movement can be provided for on a 
motorised actuator, 

An alternative system fs to work a secondary actuator from the ‘third 
position’ on the rudder actuator. This can be a 2-position or 4-position 
progressive type, A 2P actuator would provide changeover for the 
selection of elevator trim. For example: 

(1) elevator normally neutral, trim position ‘up’ or ‘down’, 
(2) elevator normally ‘up’, trim position ‘down’ (or the other way 
round). 

A AP actuator would appear to provide a wider contral service, Le. 
the possibility of having either ‘up' or ‘down' elevator position, with 
the intermediate position giving neutral elevator. The system is less 
practical, however, since a particular elevator position can only be 
selected in sequence and if the pilot ‘loses’ the sequence the result 
could be disastrous, 

A further possibility is the use of two 5/N actuators in cascade. The 
method of cascading is dependent on the type of actuators used, the 
main actuator having to provide four selective control positions. The 
second actuator which is used to drive the elevator linkage then has two 
selective positions, mechanically and/or electrically linked as necessary. 
Electrical linkage can be obtained from wiper circuits on the switching 
circuits of the two units, 

The limitation with cascaded actuators is that although the signalling 
can be made selective, selective signalling of the elevator service ts 
cumbersome. Normal arrangement for signalling is: 
press ond fold = right rudder 
press-release-press and hold = left rudder 
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Because of the small weight of a 
Single-channel receiver and actuator, 
and small battery requirements, models 
a. amall as 12 inches wingspan can be 
own soctesfully on “modder-only" 
contral, Only suitable for calm weather 
cond tions, thougtt, 


Single-channel model aircraft kits are 
commonly designed to be powered by 
M49 to 07S size gow motors. These 
afe inexpensive models, compared with 
their larger countenpans for 
Proportbonal fad, 
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press-release-press-reledse-press and hold = up elevator 
press-release-press-release-press-release-press and hold = down elevator 

This is, however, workable for aircraft, provided the madel is not too 
fast and, or, elevator conthol critical in response, A fifth service can be 
provided by ‘quick-blip’ switching, i.e. adding motor speed control as 
well, This is about as far as one can atlermpt to go for a practical 
single-channel control system applied to aircraft, 


Avferan contrat 


Certain types of model aircraft lend themselves to alierar contre! 
instead of rudder, The response is similar—both aileron and rudder 
movement have the effect of inducing roll and turn—but the response 
to alleron movement is far milder. The advantage of aileron control for 
turns, rather than rudder, is that the turn is far less vichous, with 
reduced nose-dropping tendency, On the other hand this can be more 
than cancelled out on most types of models by the lack of a true 
directional control (rudder). 
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11.4 Coupled-alleron-rudder, using 
Separate Bc bua ConA ted in Parallel 
electrically to respond simultaneously 
to a Sigma, 


Rudder, clevater and throttle control is 
possible from single channel, using 
three separate actuators in cascade. 
Maintaining full contra in flight 6 
HiMficul, though, because nedder or 
elevator, can only be signalled in 
sequence, Throttle control should 
always be from a “quick-blip’ signal, 


The application of aileron control a5 an offternative to rudder must 
therefore be approached with caution. It can work well on certain 
designs (e.g. gliders) and on models where rudder control tends to be 
too ‘vicious’ because of the small degree of automatic stability inherent 
in the design (e.g. low wing models). It would not be a normal choice, 


Coupled alleroan ard rudder 


One method of including aileron control whilst still retaining rudder as 
the main directional control is to couple aileron and rudder movements 
mechanically, so that both are operated off the same actuator, This can 
enable the amount of rudder power required for turns to be reduced. 
However, few manoeuvres require the simultaneous use of ailerons and 
rudder, and the fact that the two always move together in the same 
mode can be a disadvantage at times. 

In practice, mechanical coupling of the movements can also present 
elevator stop position problems, In fact a better scheme is to use 
separate motorised 5/N actuators for the rudder and ailerons, 
dectrically connected in parallel to operate simultaneously. 


Ofher svstenis 


Various other schemes have been tried for extending the range of 
services provided by simple single-channel systems, but none that rely 
on-sequence switching can be used for other than secondary of non- 
critical controls on aircraft. A self-neutralising rudder action (or 
equivalent directional control) is the basic, and essential, control 


requirement. 

Early attempts to combine rudder action with elevator employed a 
freely rotating vane which could be stopped in ‘equivalent’ rudder and 
elevator positions (see photo above). Stop positions were controlled by 








| any attempt bo overcome the 
limitations of rudder-only control by 
using a rotating vane Instead of a 
ridider, stepped in equivalent ‘rudder 
and ‘elevator’ positions in sequence. 
Again it was the fact that control 
required had to be signalled through a 
sequence which led te lis lack of 
| Seces4. 





escapement movements—an ingenious, but not partioularly successful 

. attempt at a simple mechanical solution to coupling rudder and elevator 
response, 

Some thirty years of single-channel working have, in fact, yielded the 
fact that for practice! operation as aircraft controls, rudder as a main 
control, with motor speed control a5 a secondary service remains the } 

| first choice. Performance limitations exposed by this combination arc 

! best tackled in terms of model design and model trim, rather than | 
@laboration on the control services available. 

} Where extension of control services is desirable, then single-channel 
pulse proportional systems are worth considering, Basically, however, a5 
far as aircraft are concerned, only ‘multi’ or proportional systems will 

give all the coverage needed for complete control, Nevertheless single- 
channel coverage for airoraft controls continues to command wide 
support, particularly in Britain and japan, largely because of its 
considerably lower cost, 























Examples of single-channel radio 
equipment. 
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Since “bang-hang’ control movements 

cannot provide continuous control, 
"multl’ aircralt designs usually favoured 

} a high wing layout. Low wing models 

proved much trickier to fly—but more 

aerobatic. 
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12) MULTI- CHANNEL 
AIRCRAFT CONTROLS 







WK 


\ 


12.1 The order of bmporance of 
funcibonal controls. 


| rudder 
3 elevators 


Jengine weed 
4 ailerons 


Multi-engine alrcraft became practical 
with the avallabllity of directly- 
signalled multiple control, 


Multiple (tone) channel systems are described by the number of 
separate signalling channels available. Two channels are required for 
selective operation of one multi servo, which can be either a ‘bang-bang’ 
self-centring type, or have a progressive action. "Bang-bang’ 5/N servos 
are used for main control functions, and progressive servos for trim 
functions. 

Multi-channel systems have little advantage over single-channel 
systems for aircraft until at least six channels are available, This extends 
the coverage available to rudder and engine speed (also readily available 
with single channel), plus positive and separate selection of elevator 
control. This can be regarded a5 a minimum requirement to justify the 
greater expense of a multi-channel system for aircraft—a 6-channel 
transmitter-receiver combination with three multi serves. 

Control coverage is still not complete, however, Another two 
channels are necessary to-add aileron control; and a further two 
channels are desirable to add elevator trim, This then represents 
complete or ‘full house’ coverage, where the pilot can have full 
command over the aircraft in Might 

The allocation of channels, in their order of importance, is thus: 
Rudder operated by a 5/N servo 
Throttle operated by a progressive serve 
Elevators operated by aS/N servo  6-channels 
Ailerons operated byaS/Nservao &-channels 
Elevator tim operated by a progressive servo = | 0-channels 

The maximum number of channels available from reed equipment ts 
twelve. These additional channels can be used to operate ancillary . 
services or an additional trim control. Much depends on whether the 
controls are to be ‘all functional’, or are to add some ‘display’ feature. 

Thus flaps, or aileron or rudder trim, or undercarriage retraction, are 
functional controls which could be added by the spare two channels on 
a 12-channel system, Bomb-release, or perhaps triggering a camera 
carried aboard, are ‘display* controls which could be worked from these 
spare channels, No such services selected should be included at the 
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Typical of an advanced aerobatic 
design for multi" controls—rudder, 
elevator, elevator trim, throttle and 
Strip ailerons. High wing layout is 
ffitained, 





| 

. 

| expense of the main functional controls listed above. |f they are, this 
will be to the detriment of full functional control coverage. 

) Additional control services can also be obtained by coupling, Thus 

the operation of wheel brakes can be mechanically cou pled te elevator 

movement, (up elevator also applying the brakes is the typical choice.) 
It is quite unnecessary to use radio control channels for brake opera- 
tion. Similarly, nosewheel (or tailwheel) steering can be mechanically 
linked to rudder movement. 

| A coupled control system which has come into use for slope soaring 

| gliders is coupled ailerons and flap, known popularly as ‘flaperon’ 
contral or ‘flaperons’, 

Further extension of controls is possible by electrical coupling and 

| limit switching’, This takes advantage of the fact that certain control 
. positions, of combinations of controls, are only used to a limited 
| extent. 

For example, slow throttle would normally be associated with a 
particular requirement such as a need to lose height, or approach for a 
landing. The limit of movement of the throttle linkage could thus be 
used to operate a switch, energising a separate S/N servo lowering flaps. 
The fact that every time the limit of 'slow' throttle is signalled the 
flaps will lower, is immaterial. This extreme throttle movement can he 
avoided in normal flight (the thrattke movement is progressive, not 
‘bang-bang’), When flaps are required, holding the throttle-signal key in 
the ‘slow’ position will ensure that the limit of movement is reached 

| and the flaps are operated. They will continue operated until the 
throttle is inched forward again, when the flap servo will be de- 
energised and centre itself, 
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12.2 Cantrel movements required, 
The same recommendations apply to 
Proportional controls, Laking the 
figures a maximum travel, 


A particular combination of two controls can also be utilised for 
switching an additional actuator, or service, A number of aerobatic 
models, for example, are difficult to spin. This is usually because the 
amount of elevator movement suitable for normal flight contro! 
requirements is too limited to enable the model to be stalled into a true 
spin. To overcome this limitation an addition to the switcher board on 
the elevator servo can provide for additional up elevator movement 
under certain conditions by interlinked switching. The control com- 
bination to produce a stall would be slow throttle and up elevator. Each 
of these two positions can close a switch at the limits of the respective 
movements, these switches being connected in series in the elevator 
extension switcher circuit, Thus when the two control positions occur 
simultaneously the extension circuit is completed, allowing the elevator 
servo to provide extra up movement, In exactly the same way, the two 
series switches could be used to complete the circuit of a separate servo 
providing some other control function with a particular combination of 
two controls signalled. 

Mention of the need for limiting elevator movement for normal Tight 
control emphasises a basic limitation of ‘hang-bang’ flight controls. 
They have to be held either ‘full on’ or neutral and so as to provide 
varying degrees of control have to be “blipped’ in a similar manner to 
single-channel rudder control. Their controlling power, governed by 
their area and movement, have also to be balanced to give a reasonably 
smooth response—not too vicious, and not too weak, To some extent 
this is governed by the design of the model, and particularly its flying 
speed, but the following are general proportions and movements: 
Rudder Area about 2-3 per cent of the wing area; movement 30 
degrees right and left. 

Elevators Area about 4-5 per cent of the wing area; movement 10 
degrees up and down. 

Alferans Area 4-6 per cent of the wing area: movement depends on 
the control response required, To achieve rolls movement required is 
inually 30 degrees up and 20 degrees down with conventional inset 
ailerons; or 20 degrees up and down with strip ailerons. Less movement 
is needed for steady turns. 

Elevator trim Movement required is quite small, not more than 24 
degrees up and down, 

Rudder trim Movement required is rather less than that for elevator 
trim, typically 1-2 degrees right and left, 

Ailferon trim 3-5 degrees up movement; 1-235 degrees down move- 
ment. 

Flops Area about 10-15 per cent of wing area: movement 30-35 
degrees down (not more than 45 degrees), 








Widely favoured layout by European 
designed for multi" aircraft working 
with 6-, & or 1(+-channels, 
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Decoupling controls 


It is a characteristic of ‘full house’ multi controls that the rudder 
control is rarely required to be used in flight, other than for directional 
control during take off and landing. It js still an /ndispensib® control 
for these two critical parts of the flight, so it cannot be ignored. 
However it is practical to decoupé the rudder control in flight by limit 
switching from another control, breaking the rudder servo circuit and 
making another circuit, which then enables the rudder signal channels 
to be used to operate another control servo under these conditions. 
This would enable aileron contral to be added with a 6-channel system, 
for example. 

Again a throttle-limit position would be chosen for decoupling one 
contral (e.g. aileron) and switching over to the other (e.g. rudder) 
actuator, Full throttle would be best. Aileron control is then available 
at anything less than full throttle-setting, and rudder control only at 
full throttle, 

Rudder control is then available for take-off (full throttle). Once 
airborne the throttle is eased back just sufficiently to decouple rudder, 
switching over to aileron for the turn control. 

Decoupling obviously has its limitations. It is no substitute for ‘full 
house’ coverage, only a means of extending possible coverage with 
limited channels available from the radio equipment. It is a better 
working system than coupled aileron and rudder, however, which is an 
alternative method of including aileron as well as rudder control with 
limited radio coverage. 











The same madel mounted on floats, A 
more ¢xacting type to fly, and Tar 
Beier on propoertional oontrods, 
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12.2 Difference in ditedral 
requirements between single-channel 
and multl-channel alrcralt design, 
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12.4 Single-channel aircraft (top) mood 
posithe wing rigging icidence. 
Multi-channel aircraft (below | reed) 
amall to zero wing Incidence for 
Maximum response to controls. 





Mode! design 

Rudder-engine speed-clevator-aileron control together make a model 
alrcraft ‘pilotable’ all the time in flight, particularly if elevator trim 
control is also available, Not only does this mean that the model |s 
more manoeuvrable, particularly as regards aerobatic performance, but 
there is less necessity for the model design itself to possess inherent 
stability. In fact, built-in stability is detrimental to aerobatic pertor- 
mance and caneven make the model more difficult to ‘pilot’ all the 
time. 

The design of multi-channel aircraft can thus differ from that of 
single-channel aircraft. The most notable feature is usually a con- 
siderable reduction in dihedral, one of the mast powerful stabilising 
factors ina free flight or single channel design, but the ane which 
decreases manoeuvrability, 

Because the flight control movements are still ‘bang-bang’, and 
response can only be smoothed and varied by ‘blipping’ the control 
signal, some margin of inherent stability is still required in the design. 
Most of the early multi aircraft retained the high wing layout because 
of its better inherent stability, although suitable low-wing layouts were 
later developed and generally favoured for aerobatic performance. 

In general, however, the low wing model remains a trickier proposi- 
tion to design, and pilot, with multi-channel controls. Similar limita- 
tions apply to scale models, which also generally have a bow reserve of 
inherent stability (and im sore cases little stability at all). 

Limitations on model design imposed by the operating nature of 
‘bang-bang' controls—or on the ability of the pilot to maintain control 
over a marginally stable model in fMlight—have now almost entirely 
disappeared with the replacement of ‘bang-bang’ controls with propor- 
tional controls, capable of providing complete coverage of control 
requirements, 
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True proportional contre has virtually replaced all other systems of radio control, with models reaching 
| the ultimate in performance. This ls an example of a moder aerobatic chesd pri. 


| Fhote Radio Modeller, 
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13.) PROPORTIONAL 
AIRCRAFT CONTROLS 


Proportional has alsa mace tre-scale 
model a practical preposition for 
fiving under radia control, 





Proportional controls provide infinitely variable positioning of control 
surfaces [ar movements}, the degree of movement corresponding to the 
amount of movement |i. inexact proportion to the movement) of the 
control sticks) on the transmitter. Again two types of servo move- 
ments are available: se/-centrieg for the operation of main flying 
controls, and progressive for throttle movement. In the former case the 
contral stick is spring biased to return to its central position, Releasing 
the stick thus automatically results in the control self-centring, Sticks 
controlling progressive movements are braked, so that they remain in 
the position to which they have been moved, In other words exactly 
the same type of servo can be used for either type of movement (a 
standard proportional servo}. It is the mechanical action of the trans- 
mitter control stick (whether spring self-centred or braked), which 
determines whether the servo action is self-centring or progressive. 
Proportional controls offer a further bonus in thal a separate trim 
facility can also be provided through the same controlling channels. 
Thus whilst one signalling channel is used to control each servo, each 


separate signalling channel can provide both proportional and trim 


movements on that single servo, A trim facility is not necessary with a 
progressive servo and so this additional function would not normally be 
provided on the transmitter channel allocated to operate a progressive 
servo (eg, throttle controd) 

Proportional controls are best described by the number of functions 
they can perform, rather than the number of signalling chanmels (a5 is 





Proportional transmitters are invariably 


Atociated with ‘joystick’ type contred 
Movements upward movement 
controlling one service and sideways 
morement a second service, Both 
controls can be operated 
simultanecumy. Each mowement fs also 
associated with a separable trim contnol, 


Another modern type of model is the 
PYLON facer—racing two or mere al a 
lime at low altitude around a special 
course, 


done with multi-channel equipment). Thus single function or |-function 
proportional offers proportional working of a single proportional servo: 
a 2-function system independent, and simultaneous, working of two 
proportional servos; a 3-function system independent, and simul- 
taneous, working of three proportional servos; and so on, Proportional 
systems can also be described as ‘single-proportional’, ‘dual propor- 
tional’, and soon, referring to the number of separate proportional 
services (servos) provided, 

In certain designs of transmitter-receiver combinations an additional 
single-channel control may be included, capable of separately control- 
ling a single-channel actuator. This is normally designated by ‘+1', Thus 
‘+1 designates a system offering | proportional plus 1 single-channel 
service; ‘2+’, two proportional functions plus | single-channel service, 
and 50 on, 

This has the advantage of simplifying the electronics and reducing 
the cost of the equipment whilst providing an extra function which can 
be used for a nor-critical control service. Rudder, elevator, ailerons and 
throttle, for example, cover the complete control requirements of a 
madel aircraft. This is a four-function system, which would require the 
use of 4-function proportional radio. However, the same coverage can 
be offered by '3+1", employing the three proportional functions far the 
main flight controls (rudder, elevators and ailerons}, and allocating the 
+1" function to operate throttle on a sequence basis, as with single- 
channel working. The disadvantage of this system is that only ‘change- 
over’ of throttle position is available, not progressive throttle movement. 





Dyvgical 2-fumection transmitter with 
single control stick, Note the separate 
Lrim controls for each furecthon, 





function 


l-function proportional provides the same control coverage as simple 
single-channel—ie, rudder-only-control, with the advantaze that the 
amount of rudder movenvent can be selected at will. The trim facility 
Cin also be used to trim out the model for straight flight, 
The type of servo used must be self-centring, and the model must 
possess sufficient inherent stability to recover its normal flight path 
when rudder control is released, so the system would appear to offer 
little more than simple single-channel rudder-only control, except for 
the facility of varying the amount of control by stick movement rather 
than “blipping’ the signal. And this is only obtained at the expense of 
considerably more costly radio equipment. 
In practice the difference is considerable, The degree of control 
offered by proportional rudder movement is vastly superior to ‘bang: 
bung’ rudder movement, A model is simpler and easier to fly and 
certain manoeuvres, particularly S-turns to simulate a shallow dive, are 
readily accomplished, 
‘TAT equipment also makes it possible to add throttle control ona | 
powered model; or elevator trim control on a glider, The latter can be a 
one-pasition trim (‘up’ or ‘down'), or three-position on the lines 
described in Chapter 12. A limitation with most ‘I4|' systems, however, 
is that when the '+1"' signal is being held the main (proportional) 
function may be locked out (i.e. stay in the position it was when the 
+) contro! button is pressed), or alternatively return to neutral, 


é-function 
Two-function proportional offers control over rudder with a choice of 
proportional control of either elevator or throttle in the case of 
powered model aircraft, There are arguments in favour of either choice, 
Rudder plus throttle is probably the easiest and safest combination for 
general use, Rudder plus elevator can give more scope for aerobatics, 
although placing more responsibility on the pilot since the model will 
be flown at full throttle all the time. Ailerons may be considered as an 
alternative to rudder in some cases, and also the possibility of using 
coupled ailerons and rudder (see Chapter 12) 
A241 system virtually allocates the two proportional channels for 
rudder and elevators, with the "+1" function controlling motor speed on 
a changeover basis. 
A 2-function system provides adequate control for gliders, allocated 
to rudder (or ailerons) and elevator. If a ‘+/' function is also available, 
this can be allocated to operate spoilers or flaps. 


function | 

The 3-function outfit provides adequate coverage for powered aircraft 

via rudder, elevators and throttle—this being the preferred choice. There if 

is also the possibility of applying decoupling to the rudder serve to add 

tileron control. Thus the rudder servo circuit is switched in only at full | 
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@- and 5-Tunction outfits are the most 
popular for powered aircraft, 2- and 
1-function proportional is basically 
restricted to gliders and model boats. 


throtthe position, and used for take off. Once airborne the throttle can 
be backed off slightly, opening the rudder servo circuit switch to 
decouple this service and switching in the aileron servo, 

A J+" ouitit offers complete contral coverage, the three propor- 
tional channels being allocated to rudder, elevators and ailerons, and 
the “#1 function to throttle changeover. 


Hunction 


This offers complete functional! control coverage for aircrafil, with 
proportional rudder, elevator and ailerons (and trim on each), plus fully 
variable throttle positioning. Additional secondary services can be 
derived, as necessary, by mechanical coupling (as described in Chapter 
13), or “limit switching’. 


function and 6-furnction 

Proportional equipment is also produced offering more than the four 
functions necessary for complete functional control of powered 
aircraft, These additional functions are not necessarily proportional, 
however, They are of value for independent selection and operation of 
ancillary services or controls which may be required, For example: 
Undercarriage retraction and extension © to reduce the drag of the 
model in flight and thus improve its speed performance or aerobatic 
capabilities. 

Flap operation to reduce speed during approach and landing, and 
making precision landings easier, Flaps can also be used in fight lo 
assist Certain manocuyres. 

Special duties such as camera operation for taking in-flight photo- 
graphs; parachute release or bomb dropping or other ‘display’ items, 
eb, 








A substitute for proportional’ if you 
Want to fly models like these in safety! 


Similar possibilities arise from ‘switching’ secondary service actuators 
into movernent at ‘limit’ positions of another actuator (or combination 
of two actuator positions), as already described for multi-channel 
controls (Chapter 13), Coupling positions must be selected with care, 
however, to avoid unacceptable response(s). 

Whatever the projected coverage, all main flight controls—rudder, 
ailerons, elevators and throttle—must have first call om the services 
available ().e. taking up four functional controls), Remaining 
functions available can then be allocated in order of merit, putting 
performance first, Direct command is always better than indirect or 
‘coupled’ command, 





Trensmiffer modes 


Danis a it has already been mentioned that the transmitter controls are 
_ invariably in the form of pivoted sticks. Stick motions are arranged to 
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provide natural control movements, Thus a 1-function transmitter, 
which would only be used for rudder (or aileron) control on an aircraft 
would have a side-to-side movement, spring centred. 

A 2-function transmitter may have one or two sticks. A single stick 
would have universal movement, sideways for rudder and up and down 
for the second control. If the second control is throttle, then the corres. | 
ponding movement would be braked (not spring-centred). if required 
for elevator control, it would be spring-centred on both movements, 

The same principle applies if two sticks are used. The rudder control 
stick would have a side-to-side movement, spring centred, The second 
stick would have an up-and-down movement, braked or spring centred, | 
a5 appropriate. 

2-function transmitters normally have one dual-axis stick, spring 
centred (controlling rudder and elevators); and a second stick with an 
RAE 2 0 Thrattle Fnght' } up-and-down movement braked, for throttle control, This would need 
to be modified for gliders (or power models adopting elevator instead 
of throttle control), so that the second single-movement stick had a 
side-to-side action, spring centred, Allocation is then largely arbitrary. 
Some pilots prefer rudder and elevators on one stick; others ailerons 
and elevator on the one stick. The former is more logical for gliders, 
and the latter for power models, 

4-function transmitters normally have two dual-axis sticks, the 
vertical movement of one being braked for allocation as the throttle 
control. This can be on the left or right hand stick, depending an 
personal preference or choice, Again there are alternatives for the 
allocation of the other control movements, usually referred to as. modes 
Different type of joystick controls to provide a standard reference. 

Moportional manufactures (Grundig), Oded allocated the right hand stick for rudder and elevators; and the 
left hand stick for ailerons and throttle. 

Mode 2 allocates the left hand stick for rudder and elevaters and the 

right hand stick for ailerons and throttle, 

These are the usual alternative configurations adopted by manu- 
facturers, and the classification can also apply to any 2-stick arrange- 
ment (regardless of the number of functions). Another papular 
description is “throttle left’ (Mode 1) and ‘throttle right’ (Mode 2). 

Certain proprictary equipment may also vary the type of control 
levers, c.g. using sticks only for main flying control movements. and 
employing a separate lever for throttle control, 

Trim controls are normally in the form of ‘wheels’ located alongside 
the appropriate movement, readily operated by a thumb or finger, A 
“41° function, where included, is normally pushbutton operated. 

The only real significance of the allocation of transmitter controls 
{or transmitter mode) is that piloting becomes instinctive and, once 
learnt with a particular arrangement or transmitter controls, has to be 
re-learnt to some extent if a change is made to another mode, 
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1 4.1 Transmitter modes, 
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The majority of proportional 
transmitters follow a layout like this, 
with twin joysticks. Meter indicates RF 
CUtPUE and state of batteries. 
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Another typical praogearuional outrit 
with transmitter, receiver, batbery 
charger and alternative pervas, 








With proportional control models can 
be plicted and kept under full control 
all the ile they are In flight. This 
OFGNS Up obididorable scope in borh 
design and performance passibilithes, 
Photo Radio Modeller. 
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14. OPERATING 
PROPORTIONAL 


Proportional radio control equipment [s invariably operated ‘as is’, The 
transmitter-receiver combination invariably incorporates a superhet 
receiver, which is pretuned and aligned. No tuning adjustments are 
necessary—nor should they be attempted- and thus a range check 
virtually implies nothing, except to give confidence that the equipment 
will work at range. If the range proves inadequate, there is virtually 
nothing that the average owner can do about it, except to eliminate the 
obyious cause—run-down batteries, Faulty equipment—or suspected 
faulty equipment—has to be returned to the manufacturer or approved 
servicing agent for checking and rectification as necessary. 

Built-in faults do, however, commonly occur, the cause being binding 
or jamming mechanical movements which apply a braking action to the 
servo output movements, These must be eliminated, and recommended 
procedure with a completed installation is to temporarily disconnect 
the mechanical linkages at the servo end and operate all the servos in 
turn via the transmitter controls, listening carefully to the noise of each 
servo, This is then repeated with the control finkages attached, and the 
servo noise compared. Any appreciable change in servo operating speed, 
shown by a marked change in noise of operation, indicates excessive 
friction of Joad on that particular linkage. The cause should be traced 
and cleared. 

This preliminary check-out should, of course, also be used to confirm 
that all the controls are working in the required mode, i.e, that rudder 
stick movement does give rudder control response, and so on. Opera- 
tion can be checked initially with the motor off, and then again with 
the engine running. Vibration and ‘noise’ can cause faulty operation if 
servos are not properly mounted and metal-to-metal contact is involved 
in mechanical movernents, 

The onty pre-flight check necessary is to confirm that all the control 
movements are available with the engine running. 

All trim controls are normally set up to correspond to true geometric 
neutral positions (with the exception of throttle, where the separate 
‘trim’ function ls nol used). Neutral control positions with the “trim’ 
control movement also in the central position on the transmitter will 
give maximum trim movement in either direction for in-flight correc- 
tions Of trim, as necessary, 

\t is a characteristic of many proportional outfits, however, that the 
neutral position of the servo is subject to dott with small changes in 
battery voltages. The initial voltage of fully charged nickel-cadmium 
accumulators will be slightly higher than the normal, and substantially 
constant, load voltage, which can cause the servo to drift slightly off 
neutral, and return to normal neutral after a minute or so, Neutral drift 
may then tend to occur again as the battery voltage approaches the 
point of rapid fall-off in voltage, This can only be avoided by avoiding 
running the batteries down to this state. Initial servo drift, if present, 
can be ignored and trim re-adjusted in Might to compensate for the 
subsequent change to normal neutral; or worked off by leaving the 
receiver installation switched on for two or three minutes before 
starting the flight. This will allow sufficient onload time for the battery 
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A teally escciting type of model to fly 
is the pylon racer—fast and designed to 
perform sharp turns. Mot all pylon 
racers are flown with full control 
coverage. 
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voltage to stabilise at its normal value, and give a normal and constant 
neutral position free from any further drift, 

The most likely cause of operational troubles, or faults, developing in 
a proportional control system are as follows, in order of likelihood: 
(1) Pilot error, especially in the case of aircraft where the model has to 
be controlled in three dimensions, R/C boats and cars are also subject 
to ‘pilot error’, although the consequences are not ustaully so drastic. 
(2) Poor installation, such as: 
(a) Receiver badly mounted, with insufficient foam rubber isolation, 
(b) Mechanical movements which are binding or jamming, the cause of 
which can be traced and eliminated ina preliminary check as described 
abaya. 
{c) Servos badly mounted so that they can move and modify 
mechanical output movements, 
(d) Tight or poor wiring, which can produce disconnection(s) under 
vibration, etc, 
(e) Discharged batteries (see Chapter 21). 
(f) Electrical ‘noise’ generated by mechanical movements, which can 
be cured by bonding or insulation, 
(a) Receiver or servo circuit faults, These are comparatively uncommarn 
in proportion to other possible faults, but they can occur, particularly 
if the equipment is abused, 
(h) Outside interference, Even superhet receivers are susceptible to 
interference by spurious transmissions spanning the spot frequency of 
the crystal controlled transmilter-receiver link. Spurious signals can 
show up as involuntary (unsignalled) control movements, popularly 
known as ‘glitches’. The presence of spurious signals cannot be elimina- 
ted, bul receiver circuits can be designed to suppress or minimise their 
effects on an ‘interference rejection’ basis. Some receiver circuits are 
particularly good in this respect, others less so, 

Suspected receiver or servo faults can be checked out ona ‘substi- 
tution’ basis. A servo may fail to centre, or be sluggish in centring, 











when all the linkages involved check as satisfactory as regards friction, 
The fault is thus électronic rather than mechanical, A simple check is to 
unplug that servo and plug in a servo from another service. If the fault 
is Still present, then it is the receiver circuit which has the fault, If the 
fault disappears icc. the substituted servo works normally}, then the 
fault is in the original servo circuit. Note that the fault may be tn the 
circuit or the unit involved. For example, it may be a fault in the 
recelver or servo; or in the wiring between receiver of servo and the 
respective plugs and sockets completing the connection between the 
two; or in the plugs and sockets themselves. 

Mote that this method of substitution can be used for both ground 
and in-flight checks. In the latter case, if the fault occurs ina main 
uirchedon low wire: lavout: pralarred contral service, a servo from a secondary service can be substituted by 
for aerobatic Tying. Modern designs changing over plugs. Thus throttle control, for example, could be 
tend to ise sleeker. wcrificed to check out a rudder servo, limiting the engine rum by 
reducing the amount of fuel in the tank and presetting the throttle to a 
suitable position for safe flying. Alternatively the pilot may prefer to 
sacrifice aileron control to check out the rudder servo. It is generally I] 
advisable to leave the suspected faulty servo unplugged rather than 
couple this to the ‘sacrificed’ service in order to maintain some degree 
of movement of this service, lf the fault present is one which is in the 
nature of a short circuit, drawing high current, the batteries could be 
rapidly nun down. | 

Faults isolated as occuring in the receiver, or a particular servo, 
require that the unit be sent back to the manufacturer, or specified | 
service agent. The same applics to servos which are suspected of 
developing a fault, eg. continue to operate normally but are developing 
a rough noise when operating. 




















The high wing layout silll makesa 
iad ‘trainer’ for beaming to fy 
proportional, Beginners can go straight 
to proportional modely—but the best 
method of learning to fly is to te 
taught by an experienced pilot, 
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eonairuction, Rudder, split elevons and 
throttle: control Photo Radio 


Sémiscale model using sheet balsa 
| Modeller. 
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15 AIRCRAFT A complete installation involves the following items: 


INSTALLATIONS Receiver These items are Interconnected 
Aatteries electrically by wiring, usually 
Moin amolf switch employing plugs and sockets 
Actuator{s) 


Mechanical tinkages connecting the actuator outpul movement(s) to the 
appropriate contral(s). 
Movebie controé e.g. hinged rudder, elevators, aileron, motor throttle 


anim. 

Receiver and batteries are normally fitted into the forward part of 
ihe fuselage. The batteries should be mounted /n front of the receiver, | 
so that in the event of a crash they cannot be projected forwards to 





strike the receiver and damage it. The receiver should thus be mounted 
behind the front main bulkhead; and the batteries in front of this 
bulkhead, rigidly supported against displacement in a forward direction. 
Figures 15.7 and 15.2 show typical installation positions, 

Batteries are rugged and can be fairly rigidly mounted. They should 
be strapped together with insulating tape or servo tape to form a single 
‘pack', which can then be wrapped in foam rubber and slid into a 
matching size compartment, so formed that they cannot move or drop 
out. Any movement could strain, and possibly break off, wires 
connecting the batteries to the rest of the circuit, 

lin the case of nickel-cadmium batteries, battery installation can be 
‘permanent’, wiring to a socket mounted in the fuselage side for 
plugging in a charger. If it is preferred to remove the batteries for 
recharging, of dry cells are used which must be replaced frequently, 
access must be available ta the battery compartment for battery 
removal and replacement, 

The receiver is normally fitted with a rectangular metal case. This can 
be wrapped round with foam rubber held in place with rubber bands, 
To improve ‘isolation mounting’, the compartment into which it fits 
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15.3 With madern proportional 
contre), three servos are installed in an 
aircraft Tuselage, Mounting can be 
uide-by-shhe, of across, a3 shown. 


Typical installation with serves 
mounted on tray. Note foam packing 
around receiver; also control iinkages. 


can also be lined with foam rubber, The fit should be tight enough to 
prevent movement of the receiver, or dislodgement in the event of a 
crash, but not so tight that the foam rubber is unduly squashed and its 
vibration olation properties Impaired, Whether the receiver is mounted 
vertically or horizontally is largely immaterial, except in the case of 
feed Lype receivers (see Chapter 9). 

Actuators are mounted behind the receiver, the manner of mounting 
differing whether escapements or motorised actuators are involved. 
Detailed requirements are described under separate headings, following, 

The main on-off switch can be mounted on the side, top or bottom 
of the fuselage. The main requirements are that it should be easily 
accessible (but not in a position where it can be accidentally knocked 
on or off); and also located in an area shielded from the exhaust of the 
engine on a powered model. 

Some modellers prefer to fit the on-off switch inside the fuselage 
where it is completely protected from dirt, oll and moisture, with the 
movement operated by an extension arm—such asa length of wire 
emerging through a rubber grommet in the fuselage side, 

Most modern proprietary radio control units are prewired to plugs 
and sockets. The on-off switch is preconnected to a wiring harness and 
thus the whole system can be connected up simply by plugging 
together. This ts to be preferred to integral wiring as it enables 
individual units in the system to be unplugged and removed, if 
necessary, without having to unsolder wiring connections, 

All wiring runs should be left with plenty of slack, but cabled 
together and then secured at suitable points (e.g. at intervals to the 
fuselage side, leaving a generous amount of slack at the ends of wiring 
runs.) Taut wiring can cause connections to fall under vibration. 











15,4 Lashing wiring to receiver of 
servo case ls strongly recommended, 
leaving a loop of slack, 


me Se 


E acer 


14.5 Example of rearend mounting of 
an icapement. 


(aere 





15.6 Basle form of linkage used with 
ESCAperent. 






Unsupported runs, or excessive end slack, can also cause premature 
failure of connections due to movement eventually causing a wire to 
become brittle and break. For that reason wiring emerging from 
individual units, including the on-off switch, is best supported by 
binding to the unit, leaving a nominal amount of slack as shown in 
figure 15.4, Some modellers also prefer to bind plugs and sockets 
together as well, e.g. with cotton, to prevent any possibility of 
accidental separation and disconnection of the circuit. This should not 
be generally necessary with tight-fitting miniature plugs and sockets. 

The aerial wire normally emerges from the receiver case at a different 
point to the main wiring. Again it is advantageous to bind the aerial 
wire to the case, leaving a loop of slack, It should then be taken 
through the fuselage side, or top, in a direction at right angles to, or at 
least away from, all current carrying wires; and thence usually back to 
the top of the fin. A knot at this point, through which a pin can be 
passed to secure the wire to the fin, completes the acrial installation, 
leaving any remaining slack wire to trail, An alternative arrangement 
sometimes adopted is to take the aerial wire through the bottom of the 
fuselage and then glue along the bottom. 


Escapements 


Escapements are normally mounted on a vertical bulkhead or 
sub-bulkhead in the centre section of the fuselage. This provides a 
reasonable length for the rubber motor driving the escapement. The 
bonger the rubber motor length the more turns it can take, and thus the 
greater number of escapement actions which can be stored by a single 
winding. Forward positioning of the escapement is also preferred since 
although this needs a long linkage to connect to the rudder movernent, 
the other end of the rubber motor is in a position where it is readily 
accessible for winding. Also the weight of the escapement is kept well 
forward, helping balance the model, 

With a lightweight escapement, and a larger model, mounting the 
escapement well aft to simplify the rudder linkage may be attractive. 
Such a system is shown in figure 75.5, 

Escapement output movement is derived from the cranked end of 
the escapement spindle, sideways motion of the crank being 
transformed into rudder movement by the type of mechanical linkage 
coupling shown in figure 13.6. Metal wire is used only for the ends of 
such linkage. Wire end fittings are bound to a rigid section torque rod 
of light material, usually balsa strip about 3/16 in. or 4 in. square, as 
shown, The weight of such linkage is carried adequately by two simple 
tube bearings, one at each end. The system & light and rigid, both 
axially and torsionally. Alternatively proprietary linkages can be used 
instead of a balsa torque rod, fitted with matching ends, or shaped wire 
ends. Metal torque rods should be avoided for long runs, however, 
because of their weight and the possibility that they might bow, 

An escapement for driving an elevator movement can be mounted in 
a similar manner, e.g. immediately below the rudder escapernent, with 
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movement. Note, however, that a ‘kick elevator’ movement may be 
derived from a single compound escapement of suitable type (see 
Chapter 6). In this case only a single escapement motor is required, but 
two torgue rods with their respective end linkages. 

The use of an escapement for driving a throttle control present a 
rather different problem. Logically the escapement should be mounted 
horizontally (crank axis vertical) so that crank motion can be taken 
directly forward as a push-pull action (figure 15.8). This, however, 

seriously restricts the length of rubber motor which can be accomme- 
13.7 Two examples of secial 


escapements with ‘kick elevator’ action 


| its own escapement motor and torque rod linkage to the elevator 
and linkage to tudder and elevator. 





dated within the fuselage, and thus the number of throttle control 
\ motions possible from a single winding. Vertical mounting of the 
escapement is thus usual, obtaining the necessary push-pull mavernent 
from a bellcrank or similar type linkage. An example of a linkage system 
which can be used to produce push-pull motions in a plane at right 
angles to the crank axis are shown in figure 5.9. It is particularly 
important that where bellcranks are used in this fashion, they should 
be rigidly mounted, but very free on their pivot. . 
An alternative solution for motor speed control is to use a clockwork 
escapement which dispenses with the need for a rubber motor to drive 
the escapement, This particular type of escapement is no lo nger 
manufactured in any quantity, however. 





13.8 Vertical mounting of secondary Escapements ate generally mounted on a plywood bulkhead (or ply 
Scapoment for throttle control limits : : F i 
langth of rubber moter and number of panel cemented to a balsa bulkhead), bolted in place. The nuts should 
turns which can be applied, be locked with adhesive to prevent them working loose under vibration. 
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145.4 Qutpul movement derived trom 
pivoted bellerank. 


Serve installation and special linkage 
for ‘coupled’ control. 


1/16 in. plywood is thick enough for small models, but 3/32 in. ply 
would be preferred for larger models, The bulkhead should also be 
braced to the fuselage sides with 4 in. square balsa strips on each edge, 
both to prevent the bulkhead breaking loose in a crash and to resist the 
pull of the wound rubber motor, The rubber motor comprises a single 
loop (two strands) of either 3/16 in. or 4 in. flat rubber strip, depend- 
ing on the type and size of the motor. 

The number of turns such a motor can be expected to accommodate 
is: 

3/16 in, rubber—60 turns per inch of motor length 
4 in. rubber—50 turns per inch of motor length 

Thus a 12 in. long loop of 14 in. rubber would take G00 turns. At 
least 80 per cent of these can be regarded as ‘usable’ for powering the 
escapement, giving in this case 600 rotational movements of the 
Scipement, 

Two strand motors will actually take a greater number of turns than 
those given above without breaking. However increasing the number of 
turns beyond a given point will greatly increase the stored torque and 
can lead to inconsistent operation of the escapement by causing the 
movernent bo bind or slick. For the same reason an escapement 
designed to take a 3/16 in. motor should not be used witha 14 iin. 
motor in an attempt to get more control operating force out of it. 





Motorised activator 


Motorised actuators are generally much easier to mount since they are 
usually in the shape of ‘boxes’ with mounting lugs on the base, or face, 
Linkage hook-up is also simplified since the mechanical output is in the 
form ofa disc or arm with rotary or semi rotary movement and it is 
relatively simple to align this movement with the plane of motion 
involved. Simple rigid linkage can then be used to transmit the push- 
pull action, 








Side-by-side installation of servos is 
practical with most modern slim 
serves, Single-channel and multi 
installations compared. 
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The mounting and coupling up of single-channel motorised actuators, 
multi servos and proportional servos all follow the same principle, and 
generally employ similar linkages, Because of their relatively high 
weight (a motorised actuator can weigh more than a receiver), servos 
are invariably positioned at or near the centre of gravity of the aircraft, 
ie. in the fuselage mid-section. Where several servos are involved, this 
means that they should be grouped together. At the same time they 
must be positioned to provide straight runs for the mechanical linkages 
they drive, in order to avoid binding and, or, ‘lost’ movement. 

This consideration produces logical grouping for servos: 

(1) with ‘fore and aft’ grouping, servos should be on the side nearest 
the control they operate. Thus elevator and nudder serves can be 
mounted side by side at the rear, and the throttle servo in front ina 
group. 

(2). Push rods operating separate controls should be as widely separated 
a3 possible to avoid possible ‘collision’. This can affect the optimum 
position of the rudder serve in a group where this also drives nasewheel 
steering. 

Typical examples of grouping are shown in figure 15_/0, The aileron 
serve is not shown since this is almost invariably mounted in the centre 
section of the wing. ; 

Once satisfactory grouping has been worked oul, actual positioning 
depends on balance requirements. The weight of up to three servos for 
four in the case of multi installations) can have a considerable effect on 
the final centre of gravity position, If the model is completely 
assembled, inckuding batteries and receiver, the servos can be laid on 
top of the fuselage, or wing, and adjusted fore and aft to balance the 
model at the design point, If it is impossible to balance the model in 
this way, then it may be necessary to remove the receiver and try 
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15,10 Typical servo allocation and 
linkage arrangement, 





15.11 Use of self-adhesive servo tapen 
for mounting servos. Mote tape fitted 
between serves for vibration isolation, 
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positioning the servos as far forward as possible, with the receiver 
behind. The positioning of the servos (and receiver, if finally located 
behind the serves), is then the final one for permanent installation, It is 
far better to use equipment weight, which has to be carried by the 
model anyway, to achieve the design balance point than have to add 
deadweight ballast to achieve the same end. 

Servos may be mounted directly by bolting or screwing with sell- 
lapping screws (not Wood screws) to hardwood rails secured to, or 
across the fuselage sides, resilient mounting being provided by rubber 
grommets. This is lighter than mounting the servos on a plywood tray, 
which was favoured for multi-channel servos. However, tray mounting 
is Stil] favoured (partiqularly as servo sizes have got smaller, and so the 
size of tray can be reduced). The ply tray can be glued to the fuselage 
floor, or bolted to ply doublers on the floor using grommets as isolation 
mounts. Equally the individual servos can be bolted to the tray through 
grommets, or bonded to the tray with a strip of foam rubber between 
the servo and tray. 

This latter technique is now simplified by the availability of senes 
fope, which is sponge plastic strip material with a contact adhesive on 
bath sides, With clos grouping of servos, sponge fubber or servo tape 
should also be used between the individual servos to prevent them 
touching each other and also to make the group mounting more rigid, 
Bonding of individual servos to the sides of the fuselage is a further 
alternative, using the largest area face as the bonding surface and foam 
rubber or servo tape for isolation mounting. This is most successful 
with servos which are rectangular in shape and relatively narrow, 

For straightforward bonding of metal (servo case) to foam rubber 
and rubber to wood etc,, contact adhesive [& quite suitable. If a servo 
has to be removed, bonded joints can be cut with a thin, sharp knife, or 
dissolved away by “floating’ ether over the joint line. Foam rubber, or 
serve tape, Which has been freed by cutting away should not be re-used 
by coating with contact adhesive as its original uniform thickness will 
have been destroyed and its vibration isolation properties impaired, 

Servos are normally mounted with the output disc or arm on top. 
There is no reason why, if necessary, a servo should not be mounted 
with the output disc or arm on the side, and the plane of the linkage 
adjusted accordingly. In this case the linkage connecting to the serve 
Output rave be fitted with a keeper, 


Suiporession 


The crank arm of the escapement rubbing in the wire yoke transferring 
the motion to the torque rod is capable of generating an electrical signal 
of ‘noise’ which can interfere with the receiver working, particularly as 
the receiver and escapement are usually close together ina single: 
channel installation, 

One method of eliminating this possible source of interference is to 
make the yoke slightly wider and slip a length of plastic sleeving over 
the wire. The crank arm then rubs only against the plastic, 
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15.12 Two methods of eliminating 
‘nolse” on escapement linkages. 
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15.139 Methed of suppressing a coll 
with a diode, 


15.14 Nine different methods of 
SUDpressing an é¢lectric motor, using 
capacitors, dindes, resktor and radio 
frequency chokes, 





Noise may, however, also be generated by the rubbing action of the 
metal wire in its front bearing, and so a rather more effective method ot 
suppression is to clectrically bond the separate metal movements of the 
escapement. This is done by soldering a ‘pigtail’ of flexible copper braid 
between the body of the escapement and the linkage end fitting (figure 
15,72) This will ensure that all the contacting metal components in the 
complete front end linkage are effectively maintained at the same 
clectrical potential, and cannot therefore produce ‘noise’, Similar 
bonding should not be necessary at the tail end linkage as this is remote 
from any magnetic field, and from the receiver. 

The actuator coil can also be a source of noise under certain circum- 
stances, although this is not ususal with escapement coils. A probable 
cure, When this does occur, is to connect a diode across the coil, as 
shown in figure 15,73. It is important to connect the diode the right 
way round, i.e, the + end or red end to the positive battery side of the 
coll, 


Suppression of motorised actuators 


Simple electric motors, such a8 used to power motorised actuators, are 
inherent spark-generators at the commutator and thus a source of 
electric noise which can cause interference with the receiver, It is 
essential that motors be suppressed; and even then motorised actuators 
should not be mounted close to receivers, unless this is unavoidable, 
Same receivers are more sensitive to ‘noise’ than others, even to the 
extent of being unsuitable for working with suppressed motorised 
actuators, 

The simplest method of suppressing a motor is usually to connect a 
capacitor across the motor terminals (or better still directly across the 
brushes) to act asa spark quench. A capacitor value of .01 to .0$ 
microfarads is generally suitable, Rather better results may be achieved 
by using two capacitors, one connected to each brush, with the other 
end in each case earthed to the casing of the motor. 

Instead of a single capacitor, a resistor can also be connected directly 
acnoss the motor to provide suppression, This needs to be of suffi- 
clently high value, relative to the motor coll resistance, to avoid 
‘starving’ the motor of current .47 ohms is a typical value. 

In severe cases of motor interference it may be necessary to go to a 
more elaborate form of suppression, starting with a single capacitor 
across the brushes, and adding a 70-100 microhenry choke in each lead, 
A second capacitor can then be added, if necessary, across the other 
side of the chokes, 

Proprietary motorised actuators and servos are normally adequately 
suppressed, the necessary compressor components being built into the 
unit. 
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Another example of servo installation 
showing mixture of rotary output arid = 
Gush-pull serving. 





Rudder and elevator linkages 


Servos may have a rotating wheel, rotating arm, or sliding arm output 
motion (see photos), The former two are known as rotary [Oulput) 
servos, and the latter a push-pull or linear (output) serve, In all cases 
the linkage to rudder or elevator movement is the same—a rigid rod 
with suitable end fittings for pivotal mounting to the servo output 
mation at one end and the rudder or elevator horn at the other, 

The rod, generally known as a push-rod, is commonly made of % in., 
2 in. or square section balsa strip, depending on the length required. 
Light balsa of a larger section is to be preffered to a smaller section in 
hard balsa since it will be stiffer for the same weight, Proprietary 
push-rods are also available in both metal and plastic, with matching 
end fittings which usually screw on. 

Balsa rods require wire end fittings, bound and cemented In place. 
For the front (servo end) fitting a simple right angle bend is adequate, 
with the run of wire resting on the top of the wheel or arm in the case 
of rotary servos. Piano wire of 16 swe, or bicycle spokes of the same 
diameter, is the usual material for making the end fittings. 

To avoid any possibility of the wire fitting being displaced and 
dropping out of the pivot hole in the servo drive some form of lock 15 
necessary. There are two simple ways of doing this, The wire can have a 
double bend of ‘jogele' which automatically locks in it place when 
inserted: or a keeper bent from thinner wire can be bound and soldered 
to the wire (Figure 15.75). The latter avoids the practical difficulty of 
making clave right angled bends in stiff wire, and also makes the push 
rod easier to detach from the servo if necessary. 

A variety of proprietary keepers are available, moulded in plastic, 
designed to clip in place over wire end fittings. These are often used in 
preference to home-made keepers, and are easy bo fit and remove. 














15.16 Alignment and clearances 
fequined on linkage at serve end_ 
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15.17 Typical rearend fitting. 


Servos mounted on a ply tray, with 
plug and socket wiring connections, 
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The three mast important requirements for the front (servo) end 
fitting are shown in figure 15.76, Clearance between the wire and hole 
in which it is fitted is minimal to eliminate backlash (holes are usually a 
nominal 1/16in. diameter, which closely matches 16 swg wire size). To 
ivoid binding the top bend must be exactly 90 degrees, so that the wire 
moves parallel to the output travel, There must also be adequate 
Clearance between the bottom of the wire joggle, or wire end and the 
face of the servo, Finally, the wire must be long enough so that in the 
extreme forward position there is clearance between the end of the 
push-rod and the servo case. Excessive friction will increase the load on 
the servo motor, and the current it draws. Motions which can jam up 
will stall the servo motor, with far more drastic consequences, 

The rear (control surface) end fitting is also of wire and similar 
considerations apply as regards bending the end and providing a lock 
for it to be retained in the rudder or elevator horn (Agure-15, 17), 


Wire length will normally have to be longer than that at the front end 
for the push-rod has to be contained within the fuselage with the wire 
emerging from a slot in the fuselage side. Thus a kink will have to be 
bent in the run of the wire to maintain internal clearance for the 
push-rod and line the end of the wire up with the control horn. This 
Cin be an acute- or right-angled kink. 

A right angled bend is better in practice for this provides more scope 
for adjustment of the overall length of the linkage by further bending 
Adjustment of linkage length may be necessary both for initial rigging, 
and also to adjust tor amy changes in Uhe set-up. 

Alternative hole positions are usually provided on both the servo 
Out pul and the control horn, Alternative positions can be selected at 
either, or both, end(s) to adjust the amount of push-rod travel. Thus 
selecting an outer hole on the servo movernent will increase the fore- 
and-aft travel of the push rod, and vice versa: and selecting an outer 
hole in the control horn will decrease the angular deflection of the 








Modem proportional servos are . 
invariably pre-wired to a multi-pin 
plug to conmmect directly into the 
pecan? wiring harness. 





control surface for the sanve push-rod movement, and vice versa. All 
clearances for the wire end fittings and the push rod should be based on 
the combination giving the greatest travel, i.e. the outermost hole 
positions at each end, 

Proprietary end fittings are commonly based on a clevis or forked 
end, drilled and tapped to screw onto a wire push-rod (figure 15.7.8), 
The clevis incorporates its own pin and is mounted by springing open. 
A keeper may also be provided (or the chevis cam be bound with thread 
once in position). 
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— rm The fact that a clevis is screwed onto the push-rod permits adjust- 
c Seffective | he ic 7 , by screwing ane 
154% Mocs satth typical clavetype ment of the effective length of the complete assembly, by screwing ane 
end fittings. for both) clevis end fittings in or out, Metal clevises are usually 


provided with a nut for locking the adjustment position, but this is not 
necessary with a nylon clevis, In practice adjustment is only required at 
one end, and so a fixed clevis can be employed at the servo end of the 
push-rod and an adjustable clevis at the control end. 
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Example of servo grouping, wilh the 
two servos on the left coupled to a 
floating lever for differential or ‘trim’ 
movement inot neorssary with modern 
proportional oquipmeent, 2 "trim" is 
avallabhe directly as a separate control 
respense |. 


























Four servos mounted side by side in a 
Git out in o Paxelin panel, 


l¥pical aircraft installation with 
‘prewired” servos and plug-together 
connec then. 





Whilst clevises would appear to provide a better ‘engineering’ solu- 
tion than bent wire end fittings they do have certain disadvantages 
They cannot, for example, be used on multi or proportionate servos 
with wheel outputs, unless they are of specially bong type to provide 
the necessary clearance with the periphery of the wheel over the 
complete fore-and-att travel. Nor can they be used on single channel 
actuators with complete rotary movements. A bent wire fitting is 
preferred, although this does not mean that a clevis cannot be used at 
the control end. The other, lesser, disadvantage is that clevises only 
match wire push-rods, A long push-rod in wire can be relatively heavy 
and also require support along its length by running through simple 
bearings to prevent bowing, However, cleviset can be used with balsa 
push-rods by binding straight wire end fittings to the balea rod and 
tapping these to screw on the clevises, 








14,19 Basic hom geometry and 
aligrieneerat. 





15.20 For symmetrical movement, 
pushrod must be at right angles to horn 
in neutral postion, 


‘Noise and interference 


Exactly the same considerations apply as for escapements. Muatal- 
to-metal sliding or rubbing contacts can generate ‘noise and inter 
ference. A metal clevis, therefore, should only be used in conjunction 
with a non-metallic control horn (servo output drives are non-metallic, 
so the same problem does not arise here). Equally, whilst a plastic clevis 
(usually nylon) can be used with either a metal or plastic control horn, 
sometimes a plastic clevis is fitted with a metal pin. In thal case it 
should only be used with a plastic horn. 

if a metal horn has to be used (e.g. throttle control arms are 
normally metal) in conjunction with a metal clevis (or metal clevis pin), 
the horn can be fitted with a plastic bush to eliminate su pression, 
Alternatively the linkage can be banded, as with escapements. 


Cantino! born 


The shape of the standard form of control hom is shown in figure 
15,19, Detail design differs mainly in the form of the base, through 
which the horn is bolted or keyed to the control surface, Proprietary 
horns are usually moulded in nylon, which is the preferred material. 
Control horns are also produced in metal, and can also be cut fram 
aluminium sheet or ply. Metal horns (particularly aluminium) are 
generally to be avoided as wear can cause rapid enlargement of the hole 
carrying the push-rod end fitting, producing @ ‘joose" movement. Metal 
horns (preferably in dural) may be necessary, however, where a horn 
has to be tailor-made to suit a particular application. But, the wide 
range of proprietary moulded horns available covers most possibilities. 

Although a control horn is a very simple dewice for transferring a 
push-pull motion into an angular deflection of a control surface, some 
appreciation of the geometry involved is necessary. For example, for a 
given push-pull travel about a central (neutral) position, the angular 
movement will only be the same in both directions if (1) the horn ts 
exactly at right angles to the contral surface; (2) the mounting point of 
the push-rod is in line with the hinge line; (3) the push-pull movement 
is applied at right angles to the control horn in the neu tral position, 

A control horn which is raked forwards or backwards, or displaced 
fore and aft relative to the hinge line, will produce unequal dis- 
placements in either direction, oF a differential movement. This can be 
climinated by making sure that the horn is correctly aligned when 
fitted, The necessity of cranking the push rod end is also obvious 
(figure 15.24), 

Control surfaces with angled hinge lines present a problem. To avoid 
the push-rod end correction binding the hole iim the horn may have to 
be made oversize, resulting in slack movement, which is undesirable. 
For this reason angled hinge lines (swept back or swept forward) are 
generally to be avoided in design. If they are used, c.g. for aesthetic or 
aerodynamic reasons, then a special ‘universal joint’ or ball-and-socket 
end fitting should be used for connecting to the control horn. 
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Split elevaters call for the use of a special type of horn, normally 
called a split-clevator hom, as shown in figure 74.27. The rigid assembly 
ensures that each elevator has the same movement, but it is important 
to ensure that half of the elevator is exactly aligned with the other 
when Initially fitting the horn. 

A particular problem arises on designs employing split elevators 
which have swepthack hinge lines. A split-clevator horn canmot be 
used in this case. Instead each half elevator will have to be fitted with a 
horn at the inboard extremity, and the end of the elevator push-rod 
split into parallel lengths, one connecting to each born (figure 15.22). 


Gob movements 


A flexible cable running in a rigid outer tube can be used instead of a 
push-rod to transfer the push-pull movement of the servo te a control 
horn. The cable is thin stranded steel wire (Bowden cable), to which 
any suitable type of end fitting can be attached by soldering (figure 
15.23). The rigid outer tube must be non-metallic to avoid noise, The 
two tube materials used are nylon and PTFE. The latter is generally to 
be preferred as having considerably lower friction, | 

The main advantage of a cable movement is that it does not require 
any internal clearance (except for the end movements), and also it does 
not necessarily have to run ina straight line. It is thus primarily used to 
control services which introduce more tortuous runs—such as throttle 
control, nosewheel steering, and ailerons. It can, of course, also be used 
for rudder and clevator movements. 


Contra! surface binges 


The stitched or tape hinge has been widely used for control surfaces 
because of its good strength and reliability, In its simplest form the 
control surface and adjacent fixed surface are butted up flat and then 
either sewn or taped together as shown in figure 15.24. Since the hinge 
movernent effectively pivots about one side of the thickness and the 
other, the angular displacement has a certain amount of differential, 
although this is not necessarily significant in practice. 

This particular limitation can be overcome by chamfering the 
abutting edges of the two surfaces to produce a definite, and single line, 
pivot point for the movement (figure 15,26). There is little to choose 
between sewing (with nylon thread) or hinging with tape (binding tape 
or cloth tape) on the score of satisfactory hinge action, strength and 
durability, The main thing is to ensure that no glue gets into the hinge 
line when assembling the two surfaces as this will stiffen the action and 
can also weaken the hinge material by making it rigid. 

Much neater hinges—again of simple form—can be made using thin, 
flexible plastic sheet material as an inserted leaf hinge, Polypropylene is 
the idea! material in this respect, with good strength and flexibility and 
indefinite resistance to fatique, however many times it is flexed. 





=—— The hinge material is used in the form of a single strip, or series of 
shorter strips, inserted into slits, as shown in figure 75.25, Since 
i polypropylene is difficult to glue, the hinge strips should be keyed in 
{L-3 place with small dowels, as shown, It can also be stuck with contact 
adhesive, but gluing alone should never be relied upon Lo secure a strip 
hinge of this type. 

The other important thing is to ensure that the hinge line is ‘tight’, 
Le. there is no physical gap bridged only by the hinge material. This will 
result in uneven movement, or even allow the control surface to Mutter. 
15.25 Plastic (polypropylene) hinge Proprietary hinge strip material and individual leaf hinges are 
fitting. produced in polypropylene, nylon and ‘Mylar’ (polyester). 

Some of the plastic film materials used for covering model aircraft 
are also suitable for making simple hinges. These are too thin to be 
used a5 inserted leaf hinges, but can be applied for making top or 
bottom hinges, or in place of tape for conventional tape hinges, as 
shown in figure 15.27, Top hinges are the usual method of mounting 
ailerons, Elevators can also be top hinged, Rudders are always contre 
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15,26 With centreline hinges the edges Se Sa tn eect oe at 5 
of the fixed and movable surfaces i mocharscal mane mes of cou fags another Suton, Hams mc 
should be chamfered off, hinges of this category are usually of wire-and-tube type, typical 


examples being shown in figure 15.28. These are by no means as widely 

used as sewn or tape hinges, or inserted leaf hinges, except that they 

may be preferred for individual applications—particularly where an 
Pimetia: fib inset hinge line is required, 

A properly made mechanical hinge has less ‘stiffness’ than the other 
types described and thus can be advantageous where only low actuator 
power is available, e.g. when using an escapement. Numerous types of 
proprietary mechanical hinges exist, the majority of which are designed 





15,27 Plastic film used for making a for inserted” fitting, ic. gluing and pinning into slots, They are pro- 
duced in top hinge (or bottom hinge) and centre hinge configurations. 
Proprietary hinges are invariably moulded In plastic and thus are free 
from any ‘noise’ problems which may oocur with metal-to-metal 
mechanical hinges. 


"top" hinge. 














15,28 Wire-and-tibe hinge. Metal tube 
ip secured In place with osirip of nylon 
or tape cemented to the fined surflace. 


Wire-and-tube hinges on allerons, with 
aileron sereo and linkages. 














15.29 Simple self-adjusting throttic 
pushrod. 
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13.30 Three other methods of 
providing automatic length adjustment 
on a throttle linkage, 


Wings are now commonly made from 
foam plastic, sheeted with balsa or 
hardwood veneer, This picture shows 
cut out in centre for aileron geren, 
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Throttle dinkoges 


Throttle linkage may be based on a push-rod of cable linkage, Two 
problems are involved which makes a throttle linkage requirements 
differ from rudder or clevator linkage set-ups. One is that the path the 
linkage has to negotiate is not unrestricted. Thus the linkage usually has 
to pass through a main bulkhead, to emerge in line with the throttle 
arm of the motor. This can favour the use of cable rather than rigid 
push-rod action. The other is that the throttle arm movement is 
necessarily adjustable to achieve suitable ‘slow’ running from the 
motor. Adjustment of the throtth stop—which may have to be re- 
adjusted from time to time—will vary the travel available on the throtthe 
arm. Thus it i ¥irtually impossible to arrive at an exact linear travel 
required from the linkage, 

This difficulty can be overcome by providing ‘override’ movement in 
the linkage. The simplest method Is to split the push-pull rod, or wire 
end, inta two separate lengths, which overlap, They are then bound 
together with a tightly fitting piece of synthetic rubber tube (figure 
5.29). This tube couples the two wires together by friction, but should 
the wire connecting to the throttle arm be brought to rest (e.g, by the 
throtthe anm reaching its step) before the servo movement has been 
completed, the ‘driving’ wire simply slips through the tube, This isa 
preferred system for a progressive throttle control since the response of 
throttle to serva movement is immediate on reversal of signal (and all 
engines are most responsive to throttle movement over the first part of 
the movement away from ‘slow'). The slip action works at both ends of 
the movement, if necessary, and this simple type of slip link is also 
readily adjustable for length. 

Other solutions to this problem of providing a ‘slip’ motion or 
over-tide are shown in figure 75,30. In most cases the compensating 
action is incorporated in the run of the push-pull linkage, It can also be 
incorporated on the actuator itself, e.g, by using a separate arm for 
deriving the movement, bolted to the servo oulpul disc or output move- 
ment with a self locking nut and a spring washer. This is tightened up 
sufficiently to be rigid when the movement |s driving normally (i.e, the 
arm moves with the serve output), but to slip should the movement be 
brought to a stop. Under this condition the arm remains stationary 
whilst the servo output continues to move to its limit. 
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15.31 Basle inset aileron control 
linkage, With servo mounbed in wing 
centre section, 





14,32 Differential aileron movement 
obtained with offset bellcrank, 
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5.39 Linkage for operaiing strip 
ailerons, 





14.34 Alternative method of OpeOrating 
strip aflerons via Bowden cable linkage. 









Aileron Wnkage 

The typical arrangement for aileron linkage, with conventional inset 
ailerons, is shown in figure 75.37. The servo is mounted in the wing 
centre section, transferring the output movement via wire push-rods 
each side to a belicrank. Movement is then taken off the other arm of 
the bellcrank via a short push-rod to the aileron horn. To prevent the 
long wire push-rods from bowing under ‘push’ motions they can be 
supported by small bushings inserted in the wing ribs at appropriate 
intervals. 

The system is quite straightforward except for the fact that ailerons 
require a differential movement, that is substantially more ‘up’ than 
‘down’ movement. Thus typical maximum movements required may be 
40 degrees up and 20 degrees down (see Chapter 17), 

The simplest way of providing differential movement /s to apply the 
principle of ‘rake’ to the movement (see sub-section on Control Horns) 
This can be done by using a bellorank which has the arms at an acute or 
obtuse angle, rather than at 90 degrees. It does not really matter which 
type is used. This merely affects the way the bellcranks have to be 
mounted to provide maximum movement on ‘up’, which in turn is 
governed by whether the control horn is on the top or bottom of the 
aileron, Figure 15.32 should make clear the two combinations 
possible, 

The angle required on the bellcrank arms can be calculated from 
basic geonvtry to provide the exact degree of differential required. 
However, this is only a design ‘quesstimate', Angled bellcranks are 
available as proprietary items with either 60 degree or 120 degree arms 
as standard. These will provide all the differential normally required on 
dileron movements. 

Strip ailerons are easier to link up since only a short run is required 
for the push-rods, and the horns can be in the form of a half of a 
conventional ‘split elevator’ horn (see figure 75,33). Differential 
mavyement in this case is obtained simply by connecting the push rods 
to the servo wheel cither abowe of bevow the normal neutral positon, 
depending on whether the horns are on the top or bottom. If this is not 
possible, if for example the servo has a linear (push-pull) output 
movement, then differential movement can be obtained by raking the 
horns. 

Bowden cable controls may be preferred to push rods for the aileron 
linkage, in which case the pivotal movements are the same and only the 
‘run’ of the linkage is affected, and usually simplified. Cable controls 
are generally used with strip rather than inset ailerons, They have the 
advantage over push-rod linkage that the hon can be moved outboard, 
so that the hinge load is more balanced (see Figure 75,34). 


Fins 


Flap movernent required is considerably greater than that for other 
control surfaces, e.g. up to 45 degrees. Special servos are available with 
increased movements for working flaps, although a conventional servo 
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15.37 Alternative spoiler movement, 
worked off sideways push-pull sereo 
reovement, 
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can be just as suitable. A frecr output servo should be used as this willl 
provide maximum movement with minimum ‘lost' motion at the end of 
the movement. 
A, typical flap linkage is shown in figure 75,35, An ‘override’ or loose 
link can be included to ensure that the servo cannot be started when 
the flap is raised to its closed position, The only other major require- 
ment is that the push-pull movement must not over-ride its centre at 
extremes of travel, To avold this it is usually necessary to rake the flap } 
horn forward at an angle of up to 30 degrees, 





Spoilers 


Spoilers are best operated with linear oulput servos with longer than 
normal travel. The angular moverment required with straightforward 
push-pull action is of the order of 135 degrees, because of the restricted 
depth available to accommodate the horn inside the profile of the wing 
(see figure 74.36). Loads will also be high since the spoilers have to be 
raised against progressively increasing air pressure, An over+ide or ‘loose 
link" is required in the system to ensure tight closure of the spoiler, 
when retracted, without stalling the serve. 

A method of substantially reducing the load carried by the servo is to 
raise or lower the spoiler vertically, rather than rotate it about a 
spanwise hinge. In this case the spoiler is located by pins at cach end, 
free to slide in parallel angled guide slots, as shown in figure 15.37, 
Push-pull motion from the servo is then directly linked to one end of 
the spoiler, the sideways ‘pull’ or ‘push’ raising or lowering the spoiler 
vertically, respectively. The main load in this case is the friction of the 
pins in the slots. 


Brakes 


Wheel brakes are invariably coupled to a main servo, to be actuated by 
a particular ‘limit’ position of that servo—e.g. down clevator, Brake 
actuation at the wheel can be electrical or mechanical. In the former 
case, the brake mechanism (normally incorporated in the wheel hub) is 
actuated by an electro magnet (also in the hub). To apply these brakes 
it is only necessary to close a circuit incorporating a battery (usually a 
separate battery because of the high current drain), Thus the electrical 
brake circuit is wired to a microswitch (or any other similar type of 
switching contact) which are normally open, but closed by the 
mechanical movement corresponding to down elevator, 

Mechanical brakes may be of a simple friction type pressing against 
the tyre of the main wheels, or built into the hub of the wheels. In 
either case a ‘pull’ movement is required to operate them. The usual 
method of obtaining this ‘pull’ movement is to attach a length of nylon 
line to the elevator movement, feeding the line down to the under- 
carriage through a tube of other suitable guides to attach to the brake 
lever (figure 75.38), Brakes are then pulled on every time full down 
elevator is signalled and release under spring action, allowing the nylon 





15,38 Typical servo allocation and 


linkage cons. This ts shown for a ‘multe 


intulation, A proportional installathen 
would not require the elevator trim 
servo, and the elevator serve linkage 
would mon direct bo the elevator horn. 


line to go slack so a5 not to impair opposite movernent of the elevator 
serve, 

Both electric hub brakes and mechanical hub brakes are available as 
proprietary items (as pairs of braked wheels, complete with tyres). 
Mechanical brakes can also be added to ordinary wineels. 


Wheel! steering 


Tallwheel steering can be provided by mechanically coupling the 
tailwheel to the rudder movement, as shown in figure 75.38. This isa 
simple and direct solution which imposes very little extra load on the 
rudder servo, 
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Ground steering control is much better with tricycle undercarriages, 
which is the preferred layout for freelance designs. In this case the 
nosewheel is steered by mechanical linkage taken to the rudder servo. It 
is necessary in this case, however, to introduce some farm of shock 
absorbing link in the mechanical coupling to prevent shock loads on the 
nasewhee! being transmitted directly to the servo, These loads can be 
quite high, even in a normal landing. 





Latest development in model Power 
units i the Wankel rotary engine. This 
should have particular advantapes for 
radio control models becouse af the 
imeoth running characteristics, 
Production of model Wankel engines is, 
however, vary limited at present, and 
they are condiderably more costly than 
cMnventional diesel or ghow motors, 





a 


Lt to 


————— 


Lee eee 


Spark lgnition mobor, the standard 
type of medel engine up to the mid 

| 19406 now only made ln lente 
numbers for boats. Ease of speed 

i control is a favourable feature for radia 
Mathels, 
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1b R/C ENGINES 





The diesel Was untll recently the most 
popular typecol “eporis" engine iin 
Britain, 





Glow motors are generally preferred 
for all sizes of radio controlled mode! 
aircraft. 


The small internal combustion engine developed for powering models— 
generally described as a ‘model engine'—has evolved in three distinct 
forms. Originally the only practical form was the spark-igrition engine. 
In the post-war years this was superceded by the compression ignition 
engine or so-called olese/, and the glow plug engine, more usually 
known as aglow motor, Both these latter types have the advantage of 
dispensing with the coil, condenser, contact breaker and separate 
battery needed with a spark-ignition engine, and also proved capable of 
developing considerably more power output for a given size of engine 
(mainly because they can run at much higher speeds}. 

The diese! is a completely self-contained power unit in that it only 
requires a supply of fuel. This is an obvious adyantage for model 
applications. The g/ow mrofor is similar in that once running it needs 
only a supply of fuel to keep running, It does, however, employ a plug 
la glow plug) which needs to be connected to an external battery to 
heat wp the plug element for starting. Once ‘warmed up’, the battery 
can be disconnected, when the plug clement is self-heating under the 
catalytic action of the alcohol-containing fuel. 

The respective merits of diesels and glow motors need not be dis- 
cussed in detail. Diesels evolved almost exclusively in Europe; and their 
size or displacement {s invariably quoted in cubic centimetres (cc). The 
glow motor evolved in the United States, and motor sizes are invariably 
queted in cubic inches (cu in). Thus on the simple question of availa- 
bility, European modellers mainly used diesels, and American modellers 
glow motors. However, it was soon found that 4 cc was about the 
maximum practical size for a diesel. Above that it became tempera: 
mental and ‘brutish’ to handle in single-cylinder designs. In fact the 
3,5 cc diesel subsequently became the largest diesel size manufacturered 
on any scale. No such size limitation applied in the case of glow motors, 
and since the larger radio controlled model aircraft required more 
power than that provided by 4 3.5 cc diesel, the use of glaw motors for 
radio controlled aircraft became widely established. 

There are a number of other reasons why the glow motor is generally 
preferred for R/C work. 

(1) Glow motors are generally easier to start and adjust for smooth 
running since only one control is involved (the mixture control or 
needle valve), Starting and adjustment is very much a matter of 
familiarity, however. Modellers used to diesels can find glow motors 
difficult to start and adjust at first, and vice versa. 

(2) Glow motors can be made in very small as well as larger sizes. In 
the case of very small engines—under 0.5 oc—the diesel tends to become 
very ‘tricky to start and adjust (as well as to manufacture). Glow 
motors as small as 0.02 cu in displacement (0,3 cc) can be easy to 
handle. The production of very small glow motors opened up new 
scope for the operation of very small aircraft, capable of being adapted 
to radio control with the advent of lightweight transistorised receivers, 
(3) Although their operating speeds tend to be higher, glow motors run 
with less vibration than diesels. This is a considerable advantage for 
radio control applications, particularly with relay receivers, 
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Watercooled ‘marinised’ version of a 
glow motor, with throttle oonirol. 





Watercomed diesel with plain throttle. 
Dlesels are less suitable for throtie 
contra. 





Throttle operating arm and ‘stop’ * 
movement adjusting screw (idling 
speed control) can be seen in this 
photo, 
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One of the most common causes of “engine vibration’ on aircraft, 
however, is an unbalanced propeller, Moulded nylon propellers are not 
necessarily balanced, statically and dynamically, and an unbalanced 
propeller rotating at speeds in excess of 10,000 rpm can generate a lot 
of vibration—far more than that generated by any unbalance of recipro- 
cating parts in the engine itself. Regardless of the type of engine used, 
therefore, propellers should always be checked for balance- and 
corrected if necessary by removing material from a “heavy’ blade- 
before being used on a radio controlled model. 

(4) Glow motors are generally more consistent in running character- 
istics than diesels, particularly when the load on the airscrew varies, as in 
manoeuvres, producing a change in rpm. In the case of diesels 
‘balanced’ running conditions normally require a reduction in compress 
jon setting to maintain smooth running when the motor speeds up, as 
in a dive, 

(5) Glow motors are more readily responsive to speed control by 
‘throttling’ than diesels. Thus it is possible to provide a fully variable 
response from slow to fast with a glow motor, particularly on larger 
engine sizes, Diesels are far more difficult to ‘speed control’, largely 
because of the effect of a fixed compression setting as mentioned in 
(6). Certain diesels have been produced, however, with good throttle 
response. These are usually slower running engines, with a main applica: 
tion to marine model use. 

Despite their advantages for R/C aircraft, and the considerable 
expansion in the numbers of active radio control modellers, very few 
glow motors are manufactured in Britain, The main sources are the 
United States and Japan, whose productions are distributed throughout 
the world and readily available. Almost all the standard size of glow 
motors (sce Table |) developed around free flight applications have 
their RC counterpart with throttle control; and most of the larger sizes 
45 cu iin and abowe have been developed primarily as R/C engines, 

Diesels remain the standard choice for non-contest-type free Hight 
models in Britain, and $6 are also used for radio controlled aircraft in a 
similar category, both with and without throttles. Where more power is 
required than that available from the largest production size of diesel, a 
glow motor must be used, This covers virtually all “performanoe type’ 
radia controlled aircraft. 

Diesels, however, remain stronely fayoured for marine model power 
plants, where their tougher and more rugged construction 1s an advan- 
tage, and throttled performance is not so critical. Only comparatively 
recently, in Europe, have water-cooled glow motors become readily 
Waillable ina wide range of sizes, 

The spark-ignition engine, too, which virtually disappeared as a 
model aircraft power unit in the 1940s maintains a following for marine 
models. It offers an extension in size, and thus power, not readily 
possible with a diesel without going to multi-cylinder layouts, and 
extreme flexibility of control. It is by far the easiest type to which 
specd control can be added. Instead of throttling the mixture supplied 
to the engine, smoothly variable speed control can be produced by 





TABLE | 
EQUIVALENT SIZES 


Eurapeon American 
ana area 
Diesels Glow Wofors 
fec) (a 
‘16 41 
‘33 2 
“§ “03 
4 45 
& 149 
1 “D6 
15 09 
20 ‘122 
25 ‘15 
4] 19 
+5 ‘21 
4-75 “29 
5:75 ‘35 
BO fg 
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Figures in bold are standard 
production size5, 


16.) Throat opening on the venturi 
intake is controlled by the position of 
the throtvle barrel, 
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rotating the contact breaker to advance or retard the spark timing, with 

i fixed mixture setting, Some larger spark-ignition motors, however, 

may be designed for throttling via a carburettor control, working ona 
similar principle to that of a larger internal combustion engine, 

Spark-ignition engines are still produced, in limited numbers, in both 
two-stroke and four-stroke versions. lodel diesel and glow motors are 
invariably two-stroke engines. 

There is virtually no difference between an aero engine and a marine 
engine, except for cooling, The basic model has a finned cylinder and is 
air cooled by the slipsteam of a propeller, Le. as.an aero engine. It can 
be adapted for, or produced in, a marine version by replacing the finned 
cylinder or cylinder jacket with a water-cooled jacket. In some cases 
with glow motors the crankcase is also cooled by a jacket, but this is 
not now usual, In the absence of the flywheel effect provided by a 
fairly large diameter propeller, marine engines must necessarily have a 
solid flywheel mounted on the crankshaft. The drive to the propeller 
shafi is taken off a suitable coupling ai the front of the flywheel 
actually the back of the flywheel when installed, since a marine engine 
is mounted “facing aft’ in a hull), 

Adjustment for marine engines is rather different since the engine is 
normally started with the boat out of the water and thus there is very 
little load on the screw (the flywheel does not produce any ‘braking’ 
load). When the boat is put in the water, the load is increased considera- 
bly since the screw is now rotating ina more ‘solid® medium, This load 
will decrease again as the model is released and accelerates up to normal 
running speed, Variations in load from then on will be less than in the 
case of aireraft. Initial throttle adjustment with the boat out of the 
water is purely nominal, with a rich setting, merely to get the engine 
running continuously, The mixture is then readjusted carefully when 
the boat is put in the water, allowing for the further ‘leaning out’ effect 
of the increase in speed when under way. 

Speed control in the case of diesels and glow motors is achieved by 
varying the mixture, The usual method ts to employ a barrel-type 
carburettor replacing the normal plain tube intake. The barrel unit is a 
cylindrical ‘plug’ mounted at the throatof the intake tube, drilled with 
a large hole so that rotation of the banrel opens or clows the effective 
opening of the throat (figure 16,7), 

In other words the position of the barrel controls the amount of air 
drawn through the throat and flowing past the spray bar through which 
fuel is fed, metered by the needle valve. For a fixed setting of the 
needle valve the mixture of air and fuel can vary from very rich (barrel 
opening almost closed) to maximum lean (barrel fully open and needle 
valve setting to match). 

The latter condition corresponds to normal (unthrottled) running 
and is easy to adjust—the mixture merely being leaned out (by screwing 
in the needle valve bo an optimum point, giving maximum rpm. The 
only thing governing npm will be the boad produced by the rotating 
propeller. This will be a maximum when the model is static but will 
decrease, and thus the rpm will increase, when the model is airborne 
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Rear mounted throtthe [tear 
induction)|—needle valve side, 








Throttle am ona dightly different 


type of rearemounted intake. 





Typical ‘front retary’ induction 
throttle, Picture on right shows typleal 


throttle linkage, 
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(the effect on marine engines is different and will be described later] 
The initial (static) adjustment of the needle valve must allow for this, 
1.0. be slightly on the rich side, to allow the mixture to ‘lean out" as the 
rpm goes up in Flight 

To slow the engine under any condition (static or in flight), the 
barrel valve is rotated to richen the mixture. This will induce four- 
stroking instead of two-stroking, and richening the mixture can con- 
tinue until the engine is completely four-stroking and on the point of 
being choked by the excessively rich mixture, 

The limiting speed for slow running is thus the richest mixture the 
engine can take and still continue running consistently, and respond 
without stalling to opening of the throttle and leaning out the mixture 
The limiting lower speed may be as low as 2-3000 rpm, with a maxi: 
mum speed of the order of 10-15,000 rpm; or the range may be much 
narrower. The response to intermediate throttle settings may also differ 
widely. Some engines will have a progressive response to throttle 
opening; others may only be happy running slow or fast, and generally 
inconsistent at intermediate throttle settings, This depends on the 
design of the engine, and in particular the design of the throttle. 

Individual barrel throttles vary a lot in detail design, The usual 
method of slow speed setting is adjustment of a stop controlling the 
degree of closure of the barre! valve opening, An additional ‘bleed’ 
adjustment may also be provided for fine setting of the slow running 








16.2 Simple type of two-speed 
‘theottle'—now Utile used, 





ie opbare 


mixture. The spraybar may of may mot rotate with the barrel, This 

igain can affect the low speed running characteristics, A fixed spray bar 

is to be preferred as this means that the fuel tubing attached to the end 

of the spray bar does not have to ‘twist’ with the throttle moyement. 

Rotating spraybar throttles need fuel tubing which remains fully | 
flexible—and many types of fuel tubing get hard and rigid under the 

slight chemical action of the fuel flowing through the tube, 

Response to intermediate throttle positions can often be improved, 
particularly in the case of glow motors, by mechanically coupling an 
exhaust flap ta the throttle movement. As the throttle clases, so this 
flap also progressively closes and blocks off the exhaust opening. 

Back pressure is thus applied to assist im slowing the engine and provide 
amore graduated form of speed control. 

With the advisability or even necessity of fitting silencers to model 
engines to reduce noise output, the coupled throttle and exhaust flap is 
now fess used, Main advances in speed control have been in the detail 
design of the engine porting, and development of highly effective 
harrel-type (or similar) carburettors, In the case of engines designed 
specifically for radio contral aircraft, minimum speeds of the order of 
2-3,000 rpm can readily be obtained by reducing normal maximum 
speeds to the order of 10-12,000 rpm, instead of the 15,000 rpm plus 
which might be realised by comparable ‘free Might’ engines. [his can 
also result in improved Intermediate throttle response, Im general, 
however, this will always be non-linear, The maximum speed change 
will normally be realised over-the first part of the throttle movement 
away fromm ‘slow’ speed, 

Throttle controls are actuated by a single movement, usually that ot 
a bever attached directly to the barre! valve (see photos). The hook-up 
is therefore quite straightforward—mercly a push-pull linkage connec- 
ting the throttle arm to the motor speed actuator or servo, Certain 
precautions are necessary, however, to ‘match’ the movements required 
(see Chapter 15), 

Barrel-type throtthes can be applied to any size of engine, They are 
usually most effective in the larger sizes (e.g. glow motors of 35 cu in 
capacity and above) particularly as regards intermediate response 
achieved, They are not particularly suitable for the smallest sizes of 
glow motors which tend to have very high normal running speeds and 
are not particularly consistent [f made to run at lower speeds on rich 
mixtures. 

An alternative type of engine speed control, developed in the earlier 
days of single-channel radio, dispensed with a throttle control as such 
and instead employed two separate spraybars, mounted one above the 
other (figure 16.2). Each spraybar had its own needle valve. Thus one 
could be adjusted to normal lean mixture (for maximum speed run- 
ning}, and the other to ‘maximum rich’ mixture at which the engine 
would keep running (slow speed running). 

To change from high to low speed, or vice versa, it wis thus neces- 
sary to switch the fuel supply from one spraybar line to the other. One 
simple method of doing this is shown in figere 6.3. Each spraybar 
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Radial cowlings on scale models offer 

| fh OOOTUAILY Tor completely 
enclosing the engine, giving true scale 

appearance with a dummy motor fitted 

in trent of cowl, 
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16.3 Piping and mechanical 


‘changeawer’ system for operating twin 
needle valve 'throcthe’, 
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16.4 Altennative valve system for we 
with twin spray bars. 
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lube is fitted with a T-piece, to which tubing is connected as shown. 
The motor speed actuator movement changes the position of a felt pad 
from the end of one 7-piece tube to the other. The closed tube is sealed 
off, and thus that spraybar can draw fuel from the tank, The other tube 
Bonen, introducing an air bleed inte that line, which means that na 
fuel is drawn inte that spraybar, The next movement of the actuator 
changes the felt pad position, opening the spraybar originally drawing 
fuel and letting the other spray draw fuel, Thus the engine changes over 
from high speed to low speed running, or vice versa, and so on. 

Supply changeover can be controlled in other ways, For example, the 
T-pieces and their tubes can be omitted and very soft tubing used for 
the two feed lines from the tank to the spraybars. The actuator move- 
ment can then be arranged to alternately squash one tube, then the 
other, blocking off the supply in the ‘squashed’ line. This would need 
the power of a motorised actuator rather than an escapement. 

A neater arrangement is shown In figure 76.4 using a simple flow 
control valve in the fuel line, 

Twin spraybar systems, no longer used as barrel-type throttles, 
are now widely available for engines intended for radio control models, 
with the advantage of requiring only simple mechanical coupling to an 
actuator, Barrel-type throttles are also more efficient and can provide 
speed control on suitabke sizes and types of engines 
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Example of the realism achieved in a 
modem tadia controlled pylon racer, 
| Phote Radio Modeller, 
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17) ~R/C AIRCRAFT 
DESIGN 





Aelyoedt wing incites 





17.0 Methods of making a model fly 
faster are to redce the wing area 
and/or wing incidence. 





17.2 Generous dihedral ls necessary on 


asingle-channel aircraft design, 
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17.5 Reducing the dihedral (ta make 
the model more responsive) must also 
be adeompanied by a reduction bm fin 
area, Thi makes the design 
Proportions more ceifical, 


In the early days of radio control the models used were straighttorward 
adaptions of ‘sports' type free flight power models: high wing or cabin 
monoplanes, The models had to be large, to carry the weight of valve 
receivers and their batteries; and to maintain a reasonably low wing 
hoading the span {and thus the wing area) was often increased over 
normal free flight proportions. Thus the average rudder-only radia ) 
contro) mode! of the period had a span of 6 ft, or more, weighed some | 
6-8 lbs, but was reasonably show flying. 

It soon became evident that this type of model had a number of 
limitations. A relatively slow flying speed is a safety feature, but also 
limits the suitability of the model to fly in winds. The natural tendency 
will be for a model to ‘lose ground’ downwind in any turn or similar | 
manoeuvre, and once this has happened the model must be headed 
upwind in a straight line to bring back to the point fram which is was 
launched. The tendency for a rudder-only model to climb and reduce 
speed over the ground with such a flight path has already been 
explained (Chapter 11), Operation of a rudder-only mode! which lacks 
penetration or the ability to fly reasonably fast in an upwind direction, 
is thus very restricted in windy conditions i} 

This led to the preference for clipped wings to reduce rather than 
increase area, and thus increase wing loading very much a compromise 
solution since it made the model more tricky to fly and keep under 
control, A better solution is the adoption of an underelevated trim, 
which naturally makes the model fly faster, and climb less, witht 
having to increase the wing loading. But this can introduce problems of 
stability, especially when the model is displaced from its normal 
straight fight path. 

The other basic limitation of a conventional free fight design layout 
is that it is feo stable to be properly responsive to displacement from its 
normal straight flight path by control movement(s), particularly as 
regards directione! control (rudder control), The basic answer here 1s to 
reduce the dihedral of the wings, compared with normal free flight 
practice, although this places a premium on the rest of the design 
proportions being right. Reducing the dihedral makes, for example, the 
choice of vertical tail area more critical, and the response to rudder 
movement mare drastic. 

Normally a model without dihedral will be laterally unstable. That is, 
if disturbed it will tend to slide off to one side and continue side- 
slipping, without recovery. If no dihedral is present, however, a rudder 
can be an almost independent directional control, producing turns 
without inducing any bank. Such turns, however, will produce skidding 
sideways during entry and sideslipping on recovery. Adding dihedral to 
the wing produces a powerful banking effect with rudder turns, with a 
corresponding tendency to drop the nose at the same time as the 
aircraft is rolled into the bank. Thus a rudder-only model has to 
compromise between the least amount of dihedral possible so as to 
minimise rolling into a bank and nosing down; and the amount of 
dihedral that is necessary to maintain sufficient lateral stability. 

The other important stability factor fs the manner in which the 
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V2.4 The three axes of movement of 
an aetoolane in fight. 


Using the outline shape shown 

opposite, this table gives dimensions 

for designing and drawing up a 

mocked [fi yaridiis ives from 30" 
spanup to GO" apan, 
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model responds in the rou! and pitch axes when being mace to turn by 
the rudder, Effectively an aeroplane has three axes about which it can 
rotate: yaw [or turn), roll, and pitch (figure J 7.4), Displacement 
around one axis will inevitably tend to produce some degree of rotation 
about the other two, Thus rudder movement will give displacement 
about the yaw axis, inducing corresponding rotations around the roll 
and pitch axes. Ideally the acrodynamic characteristics of the design 
should provide for these reaction rotations being favourable, i.e. little 
or no pitch movement up or down ina turn, and a controlled degree of 
roll, Unfortunately neither is possible with rudder-only control, The 
aerodynamic design has therefore to aim at reducing these unfavourable 
reactions to an acceptable level, when the pilot can deal with the 
‘unstable’ movements induced by a rudder-turn by suitable manipu- 
lation of the rudder control, or by adding more contral functions, 

The form of design layout and proportions which has evolved aver 
the years a3 the optimum for single-channel aircraft is shown in figure 
17.5. This is applicable to any size, proportions being worked out 
relative to the wing semi-span {$) as the key dimension, Values for 
these other dimensions, and other general design recommendations, are 
summarised in the table below, 

Actual size can range from about 20 in span upwards, A 20 tn span 
model is about the limit for powering with the smallest size of commer- 
clally produced glow motor, with enough wing area and power loading to 
carry madern lightweight radio gear. A 60 in span model is about the 
logical upper limit for single-channel control, Performance is generally 
lost rather than gained by making a single-channel model larger than 
about 48 in spar. 

Small models have the advantage of being quick and easy to con- 
struct, cheaper as regards engine and material cost, caster to transport, 
and bess prone to suffer crash damage than larger models because of 
their lighter weight, On the other hand, the smaller the model the less 
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17.5 This is the design layout 
extablished by experence as the most 
suitable for single-channel aircraft, 
Proportions shown are applicable to 
any size, 
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suitable it is for flying in windy weather because of inherent lack of 
penetration. Larger models are jess critical as regards trim, permil 
additional control facilities to be incorporated, fly rather better, and 
afe easier to control, 

Single-channel model sizes, in fact, break down into seven groups, 
classified by nominal span size with proportions based on figure i735; 
20 in spun for powering by a 010 glow motor. Radio gear relayless 
receiver and lightweight escapement, Control: rudder, plus the addition 
of ‘kick elevator’, if this can be driven from the escapement 
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28 in span for powering by a .020 glow motor, Radio gear: relayless 
receiver and escapement, Control: rudder, plus ‘kick elevator’, 
36 in span for powering by a .049 glow motor or 0.5 cc diesel. Radio 
gear: relayless receiver and compound escapemont. ‘Kick elevator’ or 
elevator trip may be added, 
42Zin spar for powering by a 0.49 glow motor, or a 075-10 cc 
diesel, Radio gear: relaybess receiver wilh compound ecapemunt: oF a 
relay receiver and lightweight motorised actuator. ‘Kick elevator’ or 
elevator trip may be added, 
43 in span for powering by a .09 glow motor or 1.5 cc diesel. Radio 
gear; relayless or relay receiver, Compound escapement or motorised 
actuator, respectively, Rudder plus motor speed via secon dary actuator, 
This is alsa a suitable size for pulse-proportional control, 
34 in span for powering by a.15 glow motor or 2.5 ce diesel, Radio 
gear: any single-channel type, Motorised actuator(s) preferred, Rubber 
plus motor speed are preferred controls, with scope for elevator to be 
added. Also suitable for pulse proportional control. 
60 in span for powering by a .29 glow engine or 3.5 cc diesel, Other 
comments a$ for 54 in span model above, although the size is fess 
suitable for pulse proportional controls, 


Single-channel model construction 


Single-channel models in all the above sizes normally employ sheet 

balsa fuselage sides, top and bottom, assembled in the form of a 

| rectangular box, with intermediate formers and cormer stiffeners, as 
necessary. Thin plywood 'doublers’ may be glued inside the nose 
section of the sides for additional strength in the case of larger madels, 
Tail surfaces can also be cut directly from balsa sheet, altho Ugh built-up 
construction is preferred on larger sizes, both to save weight and 
improve rigidity. 

} Conventionally, built-up construction is used for wings, with partial 

sheet covering (leading edges) in the case of larger models. Several 

altemmative forms of construction can be used, however, but are 

generally heavier. All sheet wings, using thin top and battam sheets 

separated by ribs and a tip-to-tip spar is suitable for span sizes from 20 


With singhe-channel control, scale or 
ntar-teale models are virtually limited 
lo high wing layouts with 
larger-thanscale dihedral to give a 
model which is sutematically stable im 
Alght. 
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17.6 Many single-channel aircraft up 
to about 48 inches wingspan feature 
all-sheet bala construction, Model 
shown follows the design proportions 
of Fig. 17.5. 


This table summariges 
recommendations for te 
tyoeds) of construction 
suitable for radio-controlled 
model aircraft from 20" te 
i" span, 








in up to 54in, provided the weight ts kept down by using light balsa. 
Wings cut ‘in the solid’ from expanded polystyrene are also practical fot 1] 
models of about 36 in span upwards. 


Other model! types 


The above descriptions apply to functional single-channel radio contrat 
models. Various alternative layouts and proportions are passibbe. For 
example, low wing or shoulder wing positioning can be used; biplanes; 
and alsa, of course, scale models. In atte mpting, or adapting, such 
dternative design layouts, it must be borne in mind that certain 
performance limitalions May appear in original designs. Also the bisic 
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requirement that a single-channel radio controlled model must have a 
suitable reserve of inherent free flight stability must be observed, 


Multi-channel aircraft design 


The minimum size of model required to accommodate multi-channel 
radio is necessarily larger than for single-channel because of the greater 
bulk and weight of servos involved, Thus around 54 im span is a mini- 
mum size for six-channel working (rudder, elevator and throttle 
controls}, with around 72 in span as an optimum for ‘full house 
controls (rudder, elevators, aileron and throttle controls), Since modern 
proportional radio works out lighter than the older reed-type ‘multi' 
installations, 60 in span can be regarded as a practical minimum model 
size to consider, although the wing loading will inevitably be on the 
high side, resulting in a fast flying model. 

There is also an upper limit to size where aerobatic performance will 
again begin to deteriorate, because of the lack of engine power, Pro- 
duction siaes of R/C aircraft engines stop at a nominal 0.65 cy in (10 
et) displacement although some more powerful engines are produced to 
meet the demands imposed by large models. Rarely, therefore, docs one 
find # functional (i.e. aerobatic) type of R/C model much larger than 
about 68 in span, 

The greater control coverage offered by ‘multi’ and particularly 
proportional to a large extent simplifies aircraft design problems, 
Virtually any type of @irerafit can be flown successfully with ‘full house’ 
coverage (rudder, elevators, ailerons and motor speed), the onus for safe 
operation then relying on the skill of the pilot rather than the aero- 
dynamic characteristics of the aircraft, The latter will only set limits a5 
regards manoeuvrability, 

Functional aircraft designs are, therefore, only produced for specific 
purposes—the main type being the fully aerobatic model. Others may 
be designed for racing, or record-breaking purposes. The most popular 
form of ‘racing’ model is based on a semi-scale appearance, for fying at 
low levels around a course marked out by pylons around which the 
model has to turn. The control requirements of Pylon racers are thus 
more limited than fully acrobatic models, and outline shapes are 
influenced by scale requirements. 


Functional aerobathe design with long 
moment arm, designed For 
properntional control, Radio Modelter 
phote, 
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Proportional (or "multi") control, with 
coverage of rudder, clevabor, allerons 
and throttle, is the anty adequate 
solution for a maulti-engined model. 





As far as aerobatic performance is concerned, the low wing layout 
has proved itself to be superior to all other configurations, especially 
with proportional controls. Design layout and proportions have, 
therefore, become more or less standardised along the lines shown im 
figure 17.7. Individual designs may show details differences, notably in 
wing platform shape and length of fuselage, Parallel chord wings were 
originally favoured, and also have the advantage of being easier to 
construct, but tapered planforms are now common, Theoretical reasons 
can be put forward to show a ‘preference’ for both equal taper and 
sweptback taper (e.g. all the taper on the leading edge), A sweptforward 
taper (i.c. all the taper on the leading edge) can introduce stability 
problems. 

The question of fuselage length, governing the tail moment arm, is 
also a fairly open one. Choice is largely a matter of the individual 
designer's preference. Basically a short moment arm should give tighter 
loaps and more rapid response to elevator; a long moment arm should 
give smoother elevator response but more elevator power. The overall 
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17.7 Typical design proportions for a 
‘multi’ or proportional model aircraft. 
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Example of tall end construction using 
built-up tailplane and fin, Pushrod and 
elevator Unkage ls olen seen, Radlo 
Modeller photo. 





effect, however, is modified by the aerodynamics and rigging of the 
/ model. Thus a short moment arm is less critical. as regards trim; or 
equally, rather less responsive to fine trim, 

Since a model can be flown under positive control all the time with 
‘Tull house" proportional, any inherent stability in the design can be 
reduced to a mitimum, of even zero, invariably this favours the adop- 
tion of zero-zero rigging for the wing and tailplane, ie. both wing and 
tailplane set at 0 degrees (figure / 7.8). This means, in effect, that the 
model has no reserve of longitudinal stability and its attitude is thus 
controlled all the time by the position of the elevators, either by 
elevator movement or elevator trim, to ‘line wp’ the flight path. 
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Inherent directional and fafera! stability is still, however, required in the 


ae — design. The reason for this is exolained in the section headed “Aterons'. 
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17.8 “Zeroed out' rigging on a ‘multi’ 
tf ffoportional model. 


Alternatives construction widely 
Favoured 6 to cul tail parts from light 
quarter-prain sheet balsa, Simpler and 
quicker to make, but heavier. Radio 
Modeller phota, 
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Typical functional aerobatic model 
lavout for proportional contral. 
Features Jow wing layout and tricycle 
ndercarrlage, 


Elevator end rudder proportions 


Elevator and rudder areas of the proportions shown in figure 17.5 are 
generally satisfactory for all multi-channel models, with the movements 
indicated. Movement can be reduced, |f response appears too drastic, 
but should mot be increased over the recommended figure. 1f maximum 
mavements give less response than required, this may be due to some 
inherent ‘stabilising’ feature in the design layout, or merely require a 
small increase in control surface area, Although full movements do not 
have to be used with proportional control it is desirable that the full 
maverment should not produce more response than ls required, This will 
avoid over-control being accidentally selected, and also produce the 
finest graduation of response over the complete movement of the 
contra! stick. 

itis mot necessary to employ elther aerodynamic of mass balancing 
of model control surfaces. The power available from servos Is more than 
adequate to overcome aerod ynamic loading as the control is moved 
from its neutral position, ie. no relief of loading by aerodynamic 
balancing is required. The system should also be quite rigid so that, 
with good hinge construction, flutter is unlikely to be a problem, 


Alferons 


[he direct response to aileron movement is that an aeroplane is induced 
to roll. Dependirg on the amount of aileron movement, this will put 
the aircraft into 4 banked turn (or with more severe movement make 
the model perform a complete roll about its rolling axis). Movement 
about the rolling axis, however, will induce reactions in the other two 
axes. Interaction can vary from very slight—e.g. the model performing a 
banked turn with little loss of directional stability and little loss ot 
height—to complete instability resulting from excessive aileron forces. 
The latter is usually caused by lack of directional stability in the design. 
Thus a reserve of directional stability is an essential feature im any 
aircraft design, This is normally provided by a fin of suitable area. 
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17.9 Typical inset aileron proportions, 
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17.10 Typical strip aileron 
Propertions, 
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to create drag, yawing the model inte 
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| 17.12 Olferential aileron 
movenrent—monre up than down, 
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Lateral stability is governed largely by the wing dihedral, and here 
again a certain reserve of stability is needed to prevent slipping develap- 
ing ina turn, Again, too, dihedral must be matched to fin area, as 
sideslipping will also affect directional stability. 

The solution must therefore be a compromise: enough dihedral to 
provide the reserve of lateral stability required, but not so much lateral 
stability that the rolling action of the elevators is resisted. Too little 
dihedral will tend to induce instability developing during turns. Too 
much dihedral will tend to reduce the effectiveness of the ailerons asa 
control. The ideal solution is to reduce dihedral, and thus improve 
aileron performance, up to a point where instability is just starting to 
show up. This is then the limiting dihedral for that design. 

Proportions for conventional inset ailerons on models tend to be 
similar to those on full size aircraft, Thus scale ailerons sizes should be 
quite satisfactory on a flying scale model, On freelance designs there is 
some advantage to be gained by increasing the aileron chord slightly 
(see figure 77.9 for typical model proportions). The actual aileron area 
is not critical, as movement is more effective than area in developing 
aileron forces, 

Inset ailerons are always fitted near the tips of the wings, and 
preferably extended right out to the top, In the case of biplanes, better 
response is produced if both top and bottom wings are fitted with 
allerons of equal size, 

An alternative type of aileron which has prowed popular on model 
aircraft ts the full span strip aileron, This is a narrow chord section, 
hinged directly to the trailing edge of the wing, and preferably taped in 
plan form from root to tip (figure 77.70). Better aileron response js 
claimed for this type of aileron, but the main advantage is the purely 
practical one of a strip aileron being easier to make and fit. Experience 
has ultimately shown that as regards performance there is little te 
choose between inset and strip ailerons. The strip aileron, however, 
does have rather less adverse yaw effect than inset ailerons, especially if 
woll tapered towards the tip, 

Yaw as well as roll is an inevitable response to aileron movement. 
The movement of one aileron up, and that of the opposite aileron down 
produces a dragging effect on the down aileron side (figure 1 7./7). it will 
also be appreciated from this diagram that the angle of attack of the 
wing tip on the ‘down’ elevator side is increased, and with excessive 
down movement the wing tip could be stalled. The resulting loss of lift 
would then produce a rolling moment in the appesite direction to that 
initiated by the original aileron movement. 

To minimise the yawing effect, and reduce the possibility of stalling 
the inboard wing in a turn, ailerons are invariably operated with a 
differentia! movement—more ‘up’ movement than “down' (figure 17.72), 
Typical max/mum values are 30 degrees of up movement, and 20 
degrees of down movement. These maximum movements are only 
likely to be required for producing rolls, Turns can be initiated with 
smaller movements. 

The leading edge of the aileron can also be shaped to provide the 
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17.13 Frise aileron shown iin neutral 
and up positions, 


= Toe fra 





17.15 Masking effect of thick aerofoil 
Sechion on o (hin strip alenon, 


Whilst radio controlled gliders hawe 
jended to become bigger and follaw 
full sive sallplane designs, there are the 
wieorelil exceptions to this rule, 





same effect as differential movement in offsetting the adverse yaw 
effect, The Frise aileron is a typical example of how this can be done. 
The aileron leading edge is bevelled, and the hinge line moved aft, so 
that when the aileron is ‘up’ a proportion of the section projects below 
the bottom of the wing surface. The drag of this section helps counter- 
act the drag of the ‘down’ aileron on the opposite wing, 

Such complication of shape and hinge positioning is generally 
avoided on models. The simplest solution in the case of inset ailerons is 
usually a top hinged aileron, with enough chamfer on the leading edge 
to provide the necessary down movement (figure 77.73). The gap at the 
bottom of the section in other than the ‘down’ position is not likely to 
be significant, although it can be sealed with an overhung strip fairing. 
Other aileron forms are shown in figure I 7.74, 

The strip aileron is usually centre hinged, since it is mounted directly 
on a narrow depth of wing trailing edge. [in this respect it can sutler 
from a disadvantage not suffered by inset ailerons, If the wing section is 
thick, the airflow over the after section is likely to be highly turbulent 
at almost all angles of attack. As a comequence the thin aileron section 
is effectively ‘masked' by the thick aecrofoil section in front of it, and 
may have a poor response as a consequence. It may be necessary jin such 
cases to employ a substantially thicker section for the strip aileron so 
that it:can conform to a ‘complete’ aerofoll profile (see figure | 7.75). 











18 RADIO CONTROLLED Model boats need fewer services for complete functionay! control than 
MODEL BOATS model aircraft, Thus the primary control is nuader, Only one other | 
control is then mecessary for ‘complete’ command—of motor speed in 
the case of a power driven boat, and of sail setting in the case of a | 
model yacht. There is also one other major difference from aircraft. 
Response to control movement is slower, and since a boat travels only 
on a single surface, over-control or any interaction between controls is 
not likely to have drastic consequences. 

Model boats can be divided broadly into three categories 
(1) dow speed boats driven by electric motors 
(2) high speed boats driven by diesels, glaw motors (or spark ignition | 
motors in the case of larger hulls) 

(3) yachts and other sailing craft. 

There are other possibilities, but these fall into the general categories ! 
of ‘slow’ or ‘high speed" boats, and control requirements are similar, | 
Thus a steam-engined powered boat would inherently have the charac- 
teristics of a ‘slow speed’ boat, It is also possible to obtain high speed 
performance with electric motor power, in which case the control 
requirements would be similar to that of other ‘high speed’ boats. 

Model boats can also be classified as ‘contest’ and 'non-contest’ 
types. In the former category the boats are designed for competitive 
use, conforming to national or international specifications. The best 
known of the latter are the ‘Naviga’ radio classes: 

F1-E30 ~~) electric speed model with a maximum power of 30 watts, 
FI-E500 ~~ electric speed, power limited only to 42 volts. 

FI-V2.5 = ife engines O-2% oc 

FieWS = if/e engines 244-5 ce 

FI-W15 — ifc engines 5-15 cc 

F2 scale models, split into: F2a = Jength from 80 cm to 110 cm, 
F2b length from 110m to 170cm. F2c length from 170 cm to 
250 cm or 1/ 100th scale if larger. 

F3 freelance steering, divided into: F3E = electric steering boats, 
Fa¥ = ifc engined steering boats. 

F4 Balloon bursting, open to any boat, 10 balloons in 3 minutes. 

FS radio yachts (triangular course, 150 m) classified: F5-DF 
international 10/40 class (1 .o.a. 1 m., sail area 40 sq dm). F5-DM 
Marbleheads. F5-D10 9 10-raters, F5-DX = unrestricted class, save that 
sail area must not exceed 50) sq dm, 

F6 group manoeuvres (or team events) involving several boats (7 mins} 
F7 = scale exhibition models capable of a number of functions. Time 
for demonstration § mins. 

Contests in “Naviga' classes are held on a triangular course with 30 
metre legs. The manner in which the course has to be negotiated differs 
for speed, scale stecring and ‘open’ steering (figure 18.7), Design of 
power boat hulls is influenced accordingly. 











18.1 “Maviga’ courses, Fl, Fi and FS. 





Single-channel controls 


Single-channel control is attractive because of its relatively low cost and 
| can provide ‘complete’, if not comprehensive functional coverage. A 
rudderonly system would be suitable for low speed boats, but the use 
of @ compound main actuator and a secondary actuator to provide 
motor control is always to be preferred. Bulk and weight of equipment 
is not usually important in a slow speed boat. Escapements are seldom 
sultable a5 boal control actuators, even with small, light hulls, Thus 
| motorised single-channel actuators are the general rule. These will 
require the use of a relay receiver, or a relayless receiver switching the 
main actuator through a slave relay. 

With slow speed boats the rudder control can be either self- 
neutralising with a “bang-bang’ movement, or progressive. There are 
afguments—and preferences—favouring each type. Im general, however, 
| an S/N actuator is to be recommended, This will give central rudder 

i with no control, The model can be trimmed for straight running in this 
| i condition, either offsetting the neutral position slightly, if necessary, oF 
| using fixed trim tabs or wedges to counteract any turning effect 
produced by propeller rotation, Control available will then be full 
rudder in either direction, giving more or less equal turns to right or left 
on command. Turn radius can then be decreased, as necessary, by 
manipulating the control button in a ‘blipping’ fashion, as described for 
single-channel aircraft (Chapter 11). The advantage of a self-centring 
} fudder is that the craft can always be returned to a straight course 

simply by giving no signal. The other advantage of using an 5/M actua- 
bor tor the main service is that this type is readily available with 


Scale total heats aowared tyy electric additional switching built-in for operating a secondary actuator. Few 


motors offer tremendous scope for progressive actuators are produced with this facility. 

radia control, Many kits are available The use of a progressive actuator for rudder control does, in theory 
for boats, often with preformed plastic 
hulls to save building time. 


at least, mean that any degree of turn can be ‘inched on’, in either 
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18.2 2-position throttle contred for 
diesel or glow mertors, 
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16.3 On-off switching controlled by a 
2P actuator, 





18.4 Switching clocult giving slow 
speed in one switch position; fast in 
the other, 


direction, However, with simple single-channel working the actual 
rudder position is never known, It can only be estimated by observing 
the response of the model. This means that numerous ‘inching’ mave- 
ments may be required to set the model on a particular course, which 
will have to be repeated to take up another course. 

The general tendency will be to steer an ‘S' course rather than a 
straight course, with general lack of precision in directional control. 
This need not matter so much where the model itself has good direc- 
tional stability. Thus a progressive actuator could be used for rudder- 
only control on a model yacht, using it basically as a trim control, 
rather than straightforward steering. 

The faster power boat inevitably requires an S/N actuator for rudder 
control to produce an automatically ‘safe’ control positian (neutral 
rudder) when control is released. The main problem here, as the speed 
of the model increases, is to balance the rudder size and position to give 
fully effective steering from a ‘bang-bang’ control movement without 
upsetting the stability of the hull. Too large a rudder and too much 
movement, for example, could even make a high speed model roll right 
over by forcing if inte too tight a turn. i} 

Stability in turns, and response to rudder movement, is largely 
governed by hull design. High speed hulls, and other ‘pertormance-ly pe 
designs are developed with the particular response characteristics 
required in mind. Single-channel control, which necessarily means 
hang-bang rudder movements, can still have limitations, however, 

Speed control, operated by a secondary actuator, is essentially the 
same as for aircraft systems where the boat is powered by a diesel or 
glaw motor (see Chapter 16), There ts the choice of a 2P or 4P se- 
quence actuator, the respective merits of which are largely dictated by 
the throttling characteristics of the engine used. Straightforward ‘high’ 
and ‘low’ speed controls, as given by a 2P actuator are the simplest, and 
usually the safest, to use on high speed craft. 

Speed control of electric-drive motors represents quite a different 
problem and there are several possibilities. All simple systems, however, 
must be based on switching the motor circuit, The direct way of doing 
this is to utilise the actuator movement positions to operate switches 
capable of carrying the motor current—preferably microswitches with a 
suitable current rating. A limited number of marine-lype actuators are 
also available with built-in (or added-on) switchers. Switchers are, 
however, commonly home made, 

A single switch can obviously provide ‘run’ and ‘stop’ control via a 
3P actuator, Thus the secondary actuator movement, tripped by a 
‘quick blip’ signal, gives either motor ‘on’ or ‘stop’ (figure 1a.3). 
However, ‘stop’ is less useful asa control than ‘slow’, A more attractive 
arrangement is use the NO contact of the switch to wire ina resistor, 
The NC position of the switch then provides fast running, and the 
alternative position connects the resistor in the motor circuit asa 
‘voltage dropper’ make the motor run at a slower speed (figure 18.4), 
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18.6 Dropping resistor valuc-required 
6 calculated from current and voltage 
readings. 


Example of moulded glass fibre hulls 
for radio controlled powerboats. 
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The value of resistor required can be calculated as follows: 

(1) The current drawn by the motor under normal (full speed) running 
with the boat in the water must be measured, Call this | (fast) amps, 
(2) The power of the motor under normal operating conditions is 
found by multiplying the cunning current | [fast] by the battery voltage 
(Vi). This will give motor input power in warts. 

Note; the power calculated in this simple manner i not quite correct. 
Under free running conditions the current will be less than that 
measured with the boat held static in the water. Also the effective 
voltage across the motor will be less than the battery voltage. This 
means that the power calculated will be higher than the trve tree 
running power, [he ditterence can be ignored, however, 

(3) Decide on the “bow speed’ required, ¢.¢. half speed or one quarter 
speed, Since motor speed is more or less directly proportional to 
voltage, this will give.a figure for motor voltage required for the 
selected slow speed. 

(4) Deduct this from the battery voltage to find the voltage which has 
to be oroapped by the resistor. 

(5) Estimate the ‘low speed’ current on the same basis as voltage above, 
Le. half the speed would be equivalent to half the current, 

(6) The resistor value required then follows by dividing the voltage to 
be dropped (from (4)), by the ‘low speed" current estimated in (5), 

A worked-oul example should make this clear. Suppose the motor is 
worked off 4 10 volt battery and the measured current for fast running 
is 2 amps. 

(1) 1 (fist) = 2 amps 

(2) power = 10 volts % 2 amps = 20 watts 

(3) “Low speed’ is to be one half speed, The motor voltage required 
willl thus be 10% 4 = 4 volts, 

(4) The voltage to be dropped by the resistor is. thus 10 — 5 =5 volts. 
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18.7 Variable epeed control via 
separate dropping resistors, selected by 
pialtion of sequence switcher, Position 
4 is “ebop'. 
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18.6 Switching circuit for JP acutator 
giving two motor speeds, and siop, 





18.9 Circult using two batteries for 
‘ahead’ and “astern' switching. 





1810 ‘Ahead* and ‘astern’ switching 
from a single batbery. 


(5) At half speed the motor will draw one half the fast running current, 
ie. 4x2 = 1 amp. 
(6) The value of the dropping resistor required is thus 5 +1 = 5 ohms. | 

One other point must be observed. This resistor will be dissipating a 
power equal to the voltage dropped and current flowing through it—in 
this case 5 x 1 = 5 watts. It is Important thal the type of resistor should 
have a rating at least equal to the calculated wattage, otherwise it will 
be tn danger of burning out. 

Use of a dropping resistor in this way is wosfeful of battery power, 
but this is generally acceptable for straightforward speed conte! of 
electric motors. The principle can also be extended to multiple speed 
control by using a multi-position switch instead of a simple switch, 
which is stepped round one contact al 4 time, in sequence, by each 
‘motor speed’ signal. Such a switch can be designed as a complete unit 
operated by an electromagnetic coil and rachet-and-paw! type 
mechanism, eliminating the need for a secondary actuator (i-c. iE takes 
the place of the secondary actuator). In this form it is generally known 
a5 a sequence switcher, 

Each outlet can then have a different resistor connected to it, leaving 
one with no resistor (for ‘full speed") and another disconnected (for 
motor ‘stop') (figure 78.7). The arrangement tends to become un- 
necessarily complicated, however, as multi-stepped electric motor speed 
controls are seldom mecessary. 

One switch for changing over from ‘fast’ to ‘slow’, and another for 
providing ‘stop’ are usually all that is necessary. This swibching system 
can readily be worked by a 3P selective actuator, using the intermediate 
or middle position of the actuator movement to give normal ‘full speed 
running (see figure 78.8). Regardless of the last signal given, when the 
motor is running ‘full speed’ the next signal will then give cither ‘stop’ 
or ‘slow’, Also the next signal from either stop’ or ‘slow’ will be “full 
specd', 

For many types of electric powered boats, switching facilities to 
provide ‘ahead’ and ‘astern’ may be preferable to forward speed control 
only. A basic approach here is to use two batteries, one for ahead and 
one for astern, using the switch movement to change from one battery 
to the other and at the same time reverse the polarity of the supply to 
the motor causing it to run in the opposite direction (figure 13.9). 

Using a 3P actuator and a second switch, a ‘stop’ position can also be 
added, 

The advantage of using a separate battery for forward and reverse 
running is that the reverse battery can be of lower voltage, since 
normally lower speed running is required in reverse anyway. Speed in 
this case is dropped without the need for a dropping resistor. 

‘Ahead’ and ‘astern’ switching can also be derived directly from a 
single battery, as shown in figure 78.70. With a 3P actuator, this.can also 
provide a ‘stop’ position. Note that although this circuit provides 
reversion of battery polarity at the motor for running astem, if slower 
speed is required when running ‘astern’, then a dropping resistor will have 
to be included in this side of the circuit. 
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18.11 Three motheds of suppression 
applicable to ebectric drive motors. 
RFC & 4 radio frequency choke [coil], 
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16.12 Linking additional services via 
Sooondary actuators. 
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The circuits described, which cover the main types used with single- 
channel, have all dealt with the switching of permanent magnet motors. 
Motors with wound field coils as well as wound armatures may need 
different connections, 


Suppression 


With electric drive motors it is imperative that the motor be properly 
suppressed to avoid interference with the radio receiver. Treatment is 
the same as for motors used as actuators (see Chapter 14), but simple 
single-capacitor suppression is unlikely to be fully effective in the case 
of larger motors, or those drawing high currents. Much depends on the 
commutator design and brushgear of the motor. Typical drive motor 
suppression treatments are shown in figure 18.11. 


Extension af services 


The larger size of slow moving boat, powered by an electric motor, 
lends itself to extension of the control services by sequence switching 
derived from the main actuator. It is advisable that the primary control, 
Le, rudder, be kept out of the sequence extension. This means operat: 
ing the rudder from the two ‘main’ positions of the actuator, i.e, 
selected by the simplest commands thus: 

press and hofd for right rudder (or left rudder} 

press-refease-press and hold for left rudder (or right rudder} 

Two other positions are then available on a 4P actuator, both of 
which correspond to (substantially) neutral rudder position. These 
positions can be used to close electrical contacts when ‘held’. 

Press relegse-press-refegse-press and hold would show close one set of 
auxiliary conLacts, operating a second actuator, 
Press-rejease-press-release-press-release-press and hold would clase 
another set of auxiliary contacts, operating a third actuator, 

There ts also the possibility of incorporating ‘quick-blip switching a5 
well, to operate a fourth actuator, 

One of these actuators would normally be used for drive motor 
switching (e.g. ahead-stop-astern) using a 3P actuator, It is preferable 
that this control be easily signalled, particularly as it is worked on a 
sequence basis, and so this would best be allocated to the ‘quick-blip 
signal (selecting a type of main actuator which provides this facility). 

Two other actuators are then available for operating additional 
services, and again each can provide further sequences. A 3P actuator, 
for example, can switch either of two additional circuits in a sequence 
of A on—both of f—B on—both off—A on, etc. | figure 19.72). It is even 
possible to provide further cascading to use the A or B actuators to 
switch two more circuits in cach case, further extending the services 
available from a single single-channel system. The difficulty, of course, 
is that signalling a particular service can be extremely curmbersome, and 
sequences may readily be ‘lost’. Thus ancillary services provided by 
cascading actuators should be those which do not affect the control or 
safety of the boat. It does not really matter if a sequence is ‘lost’ and 
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14.13 Slugged relay can delay 
pulling-In or dropping-out, depending 
on type used, 
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18.14 Slave relay wlth heavy-duty 
contacts should be used for switching 
large currents. 
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18.15 Showing how the crank of an 
escapement can operate two sets of 
switching contacts, Contact springs 
must be fight to avoid stalling the 
McApEMVeEnt movement, 





18.16 Twin switehing circuits 
controlling a multi-erva, 





the command given raises or lowers a flag instead of blowing a siren, for 
instance. 

Another problem can arise with extension or sequence switching. 
Using motorised actuators, a signal must be held for a certain time in ) 
order for the actuator circuit to remain complete during the full transit ) 
time of the actuator, otherwise the required movement will not be 
completed. To operate a motorised actuator from a ‘quick blip signal, 
or any signal which Is momentary rather than held, a form of hold or 
delay must be incorporated in the actuator circuit. 

One way of doing this is to switch the actuator circuit through a 
slugged relay which has a delayed release or suitable period, The relay 
coil is connected to the command switching contacts, pulling the relay 
armature in when these contacts are closed, On release of signal the 
relay coll circuit is broken by the switching co ntacts opening, but the 
relay armature remains pulled in by residual magnetism for a further 
period of time, eventually releasing as the magnetism decays. Provided 
the delay time is suitable, the actuator circult taken through the relay 
contacts thus remains closed for the transit time of the actuator (figure 
F873). 

Electronic delay circuits can also be used, and motorised actuators 
designed for ‘quick-blip’ response normally have such circuits built in. 

Switching circuits included on the main actuator may have to work 
through a relay, rather than directly to close a secondary actuator (or 
motor} circuit, Simple built-in switching contacts generally have a 
maximum current rating of about 2 amps, and may be less. [1 the 
actuator switched by these contacts draws a higher current, the 
contacts will be overloaded. A relay enables the higher current circuit 
of an actuator to be ‘isolated from the contact circutt which then only 
has to carry enough current to operate the relay (figure 18.74). 

Single-channel escapements can also be used directly as switchers 
(figure 18.75). An advantage here is that an escapement movement is 
rapid, and so it will readily trip from one position to the next on a 
momentary or ‘blip" signal, eliminating any need for a delay relay or 
delay circuit, if the switching contacts control a motorised actuator, or 
electric motor, Again, however, it may be necessary to switch a motor: 
ised actuator circuit through a relay. 

Twin switching circuits can, of course, be used to control a rwsiti 
_channe! actuator by providing the necessary reversal of current direc- 
tion on alternate signals, In this respect the circuit is similar Lo that 
used for drive motor switching (figure 18.76). 

Another system favoured for the extension of control services with 
single-channel operation is to ust one switching facility on the main 
actuator to control a sequence switcher. This can provide multipke 
switched outlets for operating ancillary services 1, 2, 3, 4 etc. iin 
sequence (figure 718.7), Thus starting from an ‘off position (switching 
position not con nected to anything) the first command signal for the 
cwitcher will complete the circuit for service 1, the next signal will 
complete the circuit for ser vice 2, and so on, Again a delay relay (or 
delay circuit) may be needed for “blip signalling. 
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Simple radia installation im a email 
cruisertype hull, Electric drive motor 
B seen amidships, with switching servo 
abongside, Rudder servo i deen in open 
hatch sectlon aft. 





Tiny electric motors iike this with 
Plug-on gearboxes are very useful for 
powering ancillary serviced. 


Example of 4P actuator fitted with 
microswitches. A number of actuator 
manufacturers offer these “add on’ 
switches, 
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This system is generally superior to cascading actuators to provide 
ancillary services, although the construction of a suitable sequence 
swilcher may be beyond the ability of many modellers. Virtually 
nothing is available in the commercial field, although some special 
boat-type main actuators do have a system of built-in sequence 
switches. 

Selection of a particular sequence position is simplified by the use of 
a bleep box on the transmitter, which can also be fitted with a tele 
phone-lype dial, Theoretically, at least, the operator has only to dial 
the sequence number required, when the bleep box will transmit the 
hecessary number of command signals to step the sequence switcher 
round to this position. Im practice, such a system can prove fallible, 
with frequent loss of sequence and difficulty of re-positioning to 
restore the sequence position of the switcher to correspond to that of 
the transmitter control, 

All multiple contro! systems derived from simple single-channel 
working, in fact, have this element of fallibility, 














What ts basically a progressive-type 
‘multi’ seréo can alee be weed on 
single-channel pulee proportional. 


A removable deck section Is always 
advisable to obtain ready access to the 
radio and battery inviallailon on a 
boat. Make sure that puch hatches or 
openings are watertight when the 
reechel Is atsernbled, 


Pulse proportional controls 


Pulse proportional derived from single-channel equipment has proved 
quite successful on small model power boats with electric drive motors. 
The pulse-proportional actuator provides direct and reasonably propor- 
tional rudder movement, and can also incorporate switching facilities 
for electric drive motor switching. 

The two main limitations of pulse proportional rudder control are 
(1) that the current drain in the actuator motor circuit is high, and the 
actuator is working under rather drastic load conditions which can 
result in a relatively short life; and (2) that actual rudder movement can 
be affected greatly by the water load. The latter usually means that 
positioning is far less ‘proportional’ ta contral-stick movement than in 
aircraft installations using the same system. Otherwise the system is 
exsentially the same as that described in Chapter B. 

Because of the relatively low actuator power available, and the 
continual oscillatory movement of the rudder, pulse proportional 
control is not suitable for larger high speed boats, e.g. those powered by 
internal combustion engines, |t is suitable for smaller electric powered 
boats, particularly those which are slow speed types. 


Multi-channel systenms 


Multi-channel systems have a considerable attraction for boat controls, 
even though ‘proportional’ rudder control is not possible, This is 
because the switching outputs provided by a multi-channel reed bank 
provide more versatility than true proportional systems for the opera- 
tion of ancillary services, As with aircraft systems, however, they are 
not as good as true proportional controls for operation of the main 
functional control rudder. 

For rudder control, the choice lies between using a progressive 
multi-servo, or a ‘bang-hang’ type with self-centring on release of signal. 
Progressive control may be preferred for slow moving boats, but an S/N 
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18.77 Varlable moter speed control 
from a potentiometer driven by a 
Progressive of proportional servo. 
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Ta.1E Simple electronic switcher 
circuit. 





1H.19 Three channel operation of 
progressive servo for self-centerling. 





1B.20 Use of two servos for variable 
midder positioning—working on the 
tame principle of aircraft ‘elevator 
Irie’ movement. 
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servo [5 almost invariably used for rudder control on faster models, 

Motor speed control can be operated by a further channel (i.e, 
worked like a single-channel system); or by two additional channels, 
Thus 3-channel multi can provide complete functional control; but 
4-channel is to be preferred on high speed models since this will also 
make the motor speed contro! fully positionable (see also Chapter 12). 

The power available from a motorised servo, together with the 
selective (right or left) movement of a progressive type multi-servo can 
introduce advantages for electric drive motor control, For example, 
instead of a fixed value dropping resistor for speed control the servo 
can be used to drive a potentiometer for fully variable speed control, 
This can be a fully mechanical system (figure 7.8.77); or incorporate an 
electric switching circult (figure 78.78), for infinitely variable speed 
contral, 

Additional channels available can be used to improve the quality of 
functional control. In many respects the use of a progressive servo for 
rudder control is superior since it enables different degrees of turn to be 
selected by ‘inching’ movements of the control stick, rather than by 
‘pulsing’ the signal. The main limitation of the system is the lack of 
self-centring or return to neutral rudder position for straight steering, or 
recovery from over-control. With an additional channel available it is 
possible to add self-centring to a progressive servo, by the addition of 
the switching circuit shown in figure 18.79. Operation of the third 
channel will complete the switching circuit, which will then drive the 
servo motor to a central position and automatically switch off, 

With only a 3-channel outfit, this system may be preferred, sacri- 
ficing motor control, A 4-channel outfit would enable self-centring 
rudder to be incorporated, and sequence operation of motor control. 

An alternative use of 4-channels for functional control is to employ 
both pairs of channels for rudder control via $/'N servos. These can be 
linked in a similar manner to an aircraft trim control, one servo provi- 
ding small rudder movernent and the other a larger movement (figure 
8.20). Thus two degrees of turn can be immediately selected in cither 
direction—a shallow turn and a steep turn, It is also possible to use the 
two servo movements to give ‘sum’ and difference’ rudder positions, 
making four selectable rudder positions on each side. This should 
provide more than adequate flexibility of rudder control, with every 
position self-centring on release of signal(s). The main difference with 
‘sum’ and ‘difference’ working is that for intermediate rudder positions 
set by ‘difference’ the two rudder control sticks must be moved in 
opposite directions, which is not a natural form of control movement, 

Instead of providing a ‘trim’ movement, the rudder may be split so 
that one part is operated by one actuator and the other part by the 
second actuator. Split rudders can be operated separately to provide 
different degrees of turn; simultaneously to provide a minimum radius 
turn; and in opposition to produce a shallow turn, 

The main advantage of a 4-channel rudder control system over a 
3-channel working of rudder is that the need for special contacts and 
modification of the reed bank circuit is avoided, 
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18.21 Latching circuit based on relays. 





18.22 Electronic latching clrcult with 
relay for output switching. 





On the above basis, a 5- or 6-channel system will provide the best 
coverage of functional control requirements with multi working, the 
additional channel(s) being allocated to motor control. 


Adalttonal senvices 


Similar considerations apply as in the case of single-channel controls, 
The main functional controls—rudder and motor control—should be 
independent of any additional services which are to be provided, Thus 
rudder and motor control should always be operated by separate 
channels, and only spare’ channels left over in the outfit used for 
ancillary controls and services. Eacér ‘spare’ channel can then be used to 
operate an individual service on the basis of single-channel operation 
(i.e. via a single-channel actuator); or pairs of channels can be used to 
operate additional services via multi-channel servos. The former 
obviously doubled the number of separate services available. The 
number of services can be further increased by cascading or sequence 
switching, applied to a single channel, The more one departs fram 
conventional ‘multi’ working, ie. two channels controlling one mutli 
servo—however, the more one loses the basic advantage of ‘multi’ over 
single-channel in providing direct and selective switching in response to 
the command signal. 


Rely latching 


Multi-channel reed outputs readily enable the relays operated by 
individual reeds to be farched or held in, following a momentary signal. 
To achieve this a slave relay is introduced into the circuit embracing a 
pair of reeds and their respective switching relays (figure 14.27). Opera- 
tion of reed | pulls in relay I, closing its contacts to energise the slave relay. 

The slave relay contacts now complete a circuit through the slave 
relay coil and rely 2 contacts, so that on cessation of the command signal 
when relay 1 is de-energised, the slave relay continues to hole in, 
Operation of reed 2 will energise relay 2, breaking the slave relay coil 
circuit. Thus a signal on channel 1 latches the slave relay which is only 
released by the appearance of a signal on channel 2. 

Note that it is the slave relay which acts as the ‘switch’ for the actuator 
circuit. The slave relay must therefore have two sets of contacts jone 
for ‘latching’ and the other switching the actuator circuit), 

in the case of a relayless reed receiver a similar latching action can be 
provided electronically, using a circuit of the type shown in figure M22 

Such circuits are relatively simple to construct, mounting the 
components on a small Paxolin panel. Almost any type of AF transistor 
is Suitable, 








Diesels or glow motors are more 
powerful than electric motors and-aa 
the usual cholos for fast powoirboats. 
Starting is done by a cord, passed 
around the erative i thee My wheel of 
the engine, 


Model yachts are a fascinating subject 
for proportional contrel, covering both 
steering and sail setting. 








Proportional controls 


Little need be said about proportional systems other than the obvious 
fact that they provide a superior type of rudder control to all other 
systems. Thus a “l + 1° proportional outfit can provide complete rudder 
control, plus an additional control for single-channel working. 

Proportional servos are invariably matched to a particular receiver, 
and choice is usually restricted to a single ‘aircraft’ type, which provides 
mechanical output movenvent, although alternative rotary and push-pull 
movements may be available, Ancillary services, therefore, normally 
have to be operated by mechanical switches worked by the serve 
output. There is little scope for adapting, or constructing, proportional 
servos incorporating special switching functions, except by a very 
experienced radio modeller, 

Alimited number of proportional servos matched to specific com 
mercial “stems are, however, available for switching services, These are 
intended to be used instead of “aircraft type’ servos commanded by one 
of the system functions, ¢.c. to provide fully proportional electric drive 
motor speed control, in both directions, and stop. 


RIC Yachts 


There ts really no substitute for propertionel rudder control on a model 
yacht. Single channel or 5/N multi-rudder control is largely restricted to 
producing major changes in course, ¢.¢. from one tack to another, 
Progressive rudder control is probably better, using multi, since this 
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18.23 Basle sheet hauling 4slem. 
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16.24 With this sheet hauling system, 
jib and malnsall settings ad ju 
themselves automatically, 





does provide the more continual requirement of the directional 


control of a model yacht, ic. ‘trimming’ the rudder to a suitable 
position, If additional channels are available, then the best arrangement 
is to combine a S/N or progressive serve for rudder control with a 
progressive servo to give trim. This will give the nearest approach to 
proportional control, but will require four channels to achieve. Simple 
pulse proportional rudder control is generally unsuitable, because of the 
rudder loads Involved on a fast sailing yacht. 

Rudder control can be allied to ‘automatic’ sail trimming control 
operated by a vane mechanism, although this is really a half-arnd-halt 
solution, For complete functional control, sheet hauling needs to be 
added to rudder control. . 

All sheet hauling systems are based on the same principle. Jib and . 
main sheets are taken to a mechanical movement which either pulls in i 
the sheets, or allows the sheets to pull out under the pressure on the 
sails (Figure 78.23), The actual movement of each boom és controlled by 
the distance between the pivoting polnt and the attachment point of 
the winch, Thus if A is longer than B, the main boom would have more 
movement than the jib boom, following a movement of the controlling 
mechanism, and vice versa. In practice it ls generally found best to 
make these lengths identical (ic. A = B), so that each sail has the same 
amount of movement. This is not the invariable rule, however, 

Another system which has found some favour in America is shown in 
figure 18.24, Here jib and main sheets are connected together and run 
over a pulley. This pulley i carried by the sheeting movement. Mainsail 
and jib settings are now ‘automatically’ variable at any particular 
setting. Thus an increase in wind pressure on the mainsail will tend to 
pull in the jib; and a decrease in mainsail pressure will set the jib more 
froely. This is known as a self-adjusting sail system, It is suitable for 
‘simple’ sailing, but has severe limitations for racing or serious «ailing. 

One of the simplest forms of sheet-hauling actuators is an electric 
motor driven winch. Because of the inherent high running speed of 
small electric motors reduction gearing is necessary to arrive at a 
practical winch speed. This will also have the advantage of multiplying 
the torque available from the motor. To haul in sheets on a larger yacht 
may take a pull force of as much as 10 pounds in a strong breeze. 
Transit time is not particularly important and can be as high as 10 
seconds, if necessary, although 5-6 seconds is usually quoted as an 
optimum figure. 

A further requirement is that the system be rigid, That is, wind 
pressure on the sails cannot ‘drive’ the actuator and so alter the sheet 
positions. A high reduction gearing will usually provide suitable irre- 
versibility in the motion; and the use of a worm gear one stage in the 
train will virtually ensure complete irreversibility, 

Winch-type actuators can be made from small electric motors fitted 
with suitable reduction gearing simply by attaching a drum to the 
motor output spindle, The drive needs to be progressive, and reversible, 
either by switching in the case of command by a single control channel; 
of directly selected by 2-channel multi or a single proportional 
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18.25 BDeck-maunted winch for 
sheet hauling. 
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18.26 Traveller-type sheet hauling 
mechankm. 


Sheet hauling winch amd mun of thee [ib 
and main sheet can be seen in this 
phobe, 
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function, To prevent the motor stalling when reaching either end of its 
moverrent, the motor must also have a slipping clutch, or the motor 
circuit be fitted with limit switches which automatically switch off at 
the end of the movement (as with a progressive multi-servo, for 
example), Only limit switching will provide the necessary rigidity for a 
larger yacht. A slipping clutch might be acceptable in the case of a small 
yacht, but will still have to be set fairly tight. Thus the motor will 
probably be nearstalled at the end of its motion, drawing high current 
until the motor circuit is broken by release of the command signal, 

The advantage of a sail winch is that it can be installed neatly, with 
the motor below deck and only the winch above deck, |t also lends 
itself to differential movements by using drums of different diameters 
for the jib and main sheets, mounted on the same spindle. The motor 
can be switched by a 3P progressive actuator, in the manner previously 
described for electric drive motor control, 

An alternative system based on a motor is shown in figure 14.25. The 
motor drives a threaded rod, on which is mounted a traveller arm, 
Rotation of the threaded rod in one direction causes the traveller to 
move one way along the rod; and opposite rotation produces movement 
in the other direction. Movement of the traveller thus provides a 
push-pull motion for sheet hauling, the sheets being attached to the free 
end of the traveller. Again the system can be installed below deck, with 
either the traveller arm emerging through a slot in the deck (long 
enough to accommodate the traveller movement); or drawing the sheets 
through a suitable opening in the deck (figure 18.26), 

A particular advantage of this system is that, due to the traveller 
motion being linear, “limit switching’ is quite easy to arrange. It can be 
provided mechanically, for example, by turning down the ends of the 
threaded rod to form a plain section onto which the traveller runs at 
the ends of its travel. The motor can then continue to drive under light 
load with no further movement of the traveller, To ensure that the 
traveller immediately enwames with the threaded rod when the motor 
reverses direction of rotation, a light spring can be fitted at each end to 
keep the traveller ‘floating’ against the end of the threaded section, 

Lever-movernent sheet hauling is another possibility. Here the 
push-pull movement is derived by a servo driving a pivoted lever, This 











18.27 Sheet hauling by vertical, 
pivoted lover. 





19.38 Sheet hauling by horizontal, 
pivoted lever mounted on deck, 


Another view of the same model, 
showing sheet hauling winch powered 
by its own motor, Rudder actuator fs 
Mongside. 


lever can be vertically mounted and pivoted at the bottom, to provide 
fore and aft travel through a slot in the deck; or be a horizontal lever, 
nominally centre pivoted (figure 74.28). The latter is another type 
readily adapted to differential movements. 

Arranging the sheet runs to provide the required movements is a 
matter of simple geometry, Each sheet is normally led through an eye 
mounted on the deck centreline. If both sheets are run directly from 
their respective eyes to a push-pull movement boom movements will be 
in opposition, e.g. hauling in the jib boom will slacken the main sheet, 
and vice versa, To produce similar movernents—i.e, both booms either 
pulling in or moving out—one of the sheet runs will have to be doubled 
back 0 that both connect to the same side of the push-pull movement. 


Boot instatiotions 


Dampness is the enemy of electronics—or even simple electrical circuits 
—and so radio control installations in boats require more careful 
treatment than given to aircraft, Ideally radio receiver, batteries and 
servos, should be Installed in waterproof compartments; or better still, 
in waterproof containers. Failing that, the compartments in which these 
components are mounted should at least be splashproof, and free from 
the possibility of immersion in bilge water which may collect in the 
bull. 

The simple method of ‘waterproofing’ the receiver and batteries by 
enclosing in polythene bags Is often recommended. Such protection can 
be made waterproof by taking all wires through the opening of the bag, 
then binding this tightly over the wires with a rubber band (figure 
18.29}. Unfor tunately this means bringing the aerial wire out with the 

current carrying wires, which is not desirable. Also a completely sealed 
packing can cause condensation to appear /aside the bag at lower air 








Moulded glass fibre boat halls save 
modellers a lot of the and effort and 
are available In a varlery of designs ame 
sized. 





VB.29 The ‘clastic’ method of 
waterproofing the radio side is bo 
enclose the receiver in a polythene bag. 
This is not aletays the best method, 
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temperatures, This possibility can be eliminated by including a sachet 
of silica gel inside the back, of opening the bag to allow it to ‘breathe 
when the model is not in use, 


Where adequate space is available, receiver, batteries and on-off 
switch can be fitted inside a waterproof box, packed with foam rubber. 
Wiring can be taken through rubber grommets in the side of the box or 
preferably terminate in sockets on the side of the box to which external 
connection can be made with matching plugs. Plastic boxes are suitable 
for such purposes and the lid can be sealed with a binding of polythene 
or PVC adhesive tape. 

In some cases it may be possible to mount receiver, balterres, swilch 
all wiring and actuators in the same waterproof box, tiking the out-put 
movements through rubber grommets. All anti-vibration mounting must 
then be done inside the box, so that the box itself can be rigidly 
mounted to ensure positive line up of the actuator movements, The 
particular advantage of such a system is that by incorporating a suitable 
coupling in the actuator movements outside the box the complete radio 
installation can be transferred from one model to another, with similar 
control layouts. 

Quite commonly, however, especially on smaller models, the actu 
tors.or servos have to be mounted separately. They should be mounted 
high enough to be clear of any bilge water, and in a position where they 
can be protected from splash, |t may be possible to provide almost 
complete protection with polythene sheeting loosely wrapping the 
complete actuator, and forming a closed bag by being bound to the 
output movement with a rubber band. 

It is possible to produce a completely waterproof installation so that 





if the model sinks, for example, the radio equipment will remain 
protected and free from harm whilst the model is recovered. But this ts 
difficult to achieve, and seldom really necessary for the average radio 
controlled boat. The simpler approach is to decide where water can 
splash, of appear inside the hull, during normal operation of the 
boat—ineluding lifting in and out of the water—and provide ‘water- 
proofing’ or ‘splashproofing’ against such contingencies. 

Rather more stringent precautions are necessary where the boat is 
operated in salt water, particularly to avoid dampness collecting inside 
the boat. Salt dampness can have a particularly corrosive effects an 
electrical contacts. Receiver relay contacts and reed bank contacts can 
be protected by sealing the complete units with a wrapping of poly- 
thene or PVC insulating tape—but actuator switching contacts can 
usually only be sealed by complete enclosure, 

Commonsense will be a good guide to the best form of installation, 
plus practical experience which will inevitably be gained as to how 
dampness can affect radio installations, and how to avoid such troubles 
next time. The simplest installation is not always the best, as it usually 
is in the case of aircraft. 


Gotiing ready for aapoed run with a 
radia controlled model hydroepiane, 











Ultimate in radio controlled model cars 
is the scale [or near scale] 

cecal — operated in Grnd Prix 
Pannen! Pita Radm Control 
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19 «=R/C CARS AND 
VEHICLES 





The application of radio contro! to model cars and other types of land 
vehicles is a field which remained relatively undeveloped up to about 
1970, Prior to that most R/C cars were individually built, powered by 
electric motors and fitted out with non-proportional steering and 
forward-stop-reverse drive motor control. The availability of prapor- 
tional radio, however, offered a type of steering and speed control 
guitable for high speed car operation. Commercial interest developed 
along these lines, producing a range of scale model racing cars powered 
by i/c engines (mainly glow motors), and capable of being operated as 
free running racers. This saw the start of radio controlled model car 
racing as a hobby-sport with an international following, based on a 
sophisticated type of model. 

Apart from the performance and scale realism, (a high proportion of 
all males have fanciful ideas regarding their potential abilities as racing 
car drivers!) the attraction of the engine-powered, proportional 
controlled model car is that it well catered for on the commercial 
market, Numerous models are available in complete kit form, reducing 
building ta mainly a matter of assembly, and component parts and 
body shells are available for the builder wishing to start from scratch, 
starting with his own ideas on chassis design. Standard proportional 
servos can be used for operating the controls, Aircraft type engines are 
ised for the drive motor, fitted with a flywheel and driving through a 
centrifugal clutch and suitable reduction gearing to the driven wheels, 
Reduction gearing is essential because of the high running speed of i/c 
engines when developing maximum power. The combination of a 
throttled (R/C type) engine with a centrifugal clutch offers a complete 
motor speed control via a conventional proportional (or progressive) 
throttle action. At low speeds the centrifugal clutch |s disengaged, 
allowing the motor to run with drive disconnected (clutch disengaged). 
An increase in motor speed will then cause the centrifugal clutch to 
engage at a particular speed, The remainder of the throttle range Is then 
available for variable speed driving (clutch fully engaged over this 
range}. 

The use of an automatic clutch is generally to be preferred toa 
mechanical clutch which requires the use of a separate contral, 
although separately-operated clutch controls have been widely used on 
engine-driven model cars. 

The cars themselves are usually designed on ‘full size’ engineering 
lines, with sprung suspension for the front and rear wheels, and “full 
size’ geometry for the steering linkages, The steering servo output 
movernent is coupled to this linkage through some simple form of 
shock absorber to avoid side loads on the wheels being transferred 
directly to the servo movement. One method of doing this is to mount 
the steering servo sideways on the chassis unit between the front 
wheels, with the output movement attached to the two steering arms 
via springs, which absorb the shock loads. A spreader bar can then be 
added to interconnect the steering links and keep the steering system 
rigid. 

The third function required for ‘complete’ control is braking. 
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Typical prefabricated kit for a radia 
controlled race car. 
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Although the speed of the car can be controlled to a large extent by the 
throttle, closing the throttle too far would make the centrifugal clutch 
disengage and remove the ‘engine braking’ effect. Thus a mechanical 
brake is desirable. This can be a simple friction type, fitted to either 
pair of wheels (or even all four, if felt necessary). The effect of 
mechanical braking will vary with the speed and weight of the model 
and the type of surface over which it is running, Brakes, even propar- 
tionally operated, are generally the least effective of the controls, 
normally producing locked wheels and skidding at high speeds on 
smooth surfaces. 

‘Complete’ control coverage can thes be given by a ‘2 + |’ propor- 
tional system; or a ‘S-tunction’ system can provide proportional 
braking. Brakes can also be made available on a ‘2-function’ system by 
using mechanical coupling to the throttle movement, Low speed 
throttle also pulls on the brakes. There are advantages of having brakes 
available a a separate control to throttle, however, for high speed 
driving. 

Nost.of the earlier high speed RC cars were relatively heavy, and 
sturdily constructed, weight being thought necessary to keep the rear 
drive wheels on the ground for good traction. Better performance is, 
however, usually achieved with lighter car weights, although the 
resulting construction is then more prane to crash damage. The 
‘mortality risk’ of a high speed R/C car, in fact, is something on a par 
with high speed T/C aircraft, demanding considerable skill and fast 
reactions on the partof the driver’ to avoid, 


Simpler cor models 


The simpler car models are based on electric motor drives, often 
installed in plastic car models of suitable size or on scratch-built chassis 
units or ‘pans’ with plastic or wood body shells, Ehectric motors are 
simple to install in a small space, with the necessary reduction gearing, 
clean-running and easy to switch for stop-go, or forward-stop-reverse 
(see Chapter 18). Variable motor speed control is not necessary, nor in 
fact is proportional steering on a slow-speed car or land vehicle, Thus 
single-channel working is readily possible, selecting a suitable ‘safe’ 
running speed for the vehicle by the reduction ratio used, 

The simplest single-channel system employs a motorised actuator for 
moving the steering, providing elther right or left turns, self-centring to 
neutral (straight running) on release of signal. The addition of a second 
actuator operated by a ‘third position’ signal (preferably ‘quick-blip’) 
can then give the following alternative ‘speed’ controls, depending on 
the type of switching used: 

(1) on or off, i.e, stop and go 

(2) forward—stop—reverse (with reduced speed in reverse if desired, 
See Chapter 18) 

(3) fast forward-slow forward-stop (using a 3P actuator but sacrificing 
‘reverse’ in favour of an intermediate position giving reduced motor 
speed). 





Fit scene ata model BC car merecting. 


Such models generally have a limited interest, although they are 
useful for demonstration purposes, Commercial models of this type are 
also produced in ‘ready-to-go’ form, as a sophisticated type of toy. 
individual builders working with single-channel radio are normally 
inclined to go further, They may extend speed control by utilising a 
sequence switcher for the secondary actuator, integrating power and 
steering, or aim for proportional steering using a single-channel pulse 
propertional system with a suitable actuator. 


Non-proportional ‘rmaulti’ 


Multi-channel radio offers considerably more scope and extends control 
possibilities to engine powered cars, for which single-channel systems 
are basically unsuited. Multi-channel systems, however, are stil] not 
suitable for adequate control of high speed racing cars, There is no 
substitute for proportional in this class. 

A 4-channel ‘multi’ system represents a minimum requirement, 
controlling two servos. One servo can then control steering and the 
other servo motor switching {in the case of electric motor drive}, or 
throttle (in the case of an i/c engine). The use of a centrifugal clutch in 
the latter case eliminates the need for a further channel to operate a 
mechanical clutch. 

Either ‘bang-bang' or progressive servo movement can be used to 
operate the steering of an electric-powered vehicle. The choice depends 
largely on the type and scope of model, and which proves most success 
ful at the speed at which the model operates. Selecting a type of servo 
which can work either with a self-centring or progressive action with a 
simple modification of wiring (see Chapter 9), enables both types of 
control to be tried out and compared. 
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On slow-moving electric-powered vehicles, multi-channel radio can be 
worked on individual channels, each commanding a single channel 
actuator, Thus whilst it is desirable that steering be on ‘direct’ 
command, allocating two channels to control.a multi serve, all the 
other channels available can be used separately for individual 
commands, €,.2, 
chinne! J motor sequence switching for ‘speed’ control 
channel 4 switch lights on-off 
chante! 5 harn on-off 
and 40 on. 

The more complicated the control system planned, the more space 
will be at a premium to locate the necessary actuators etc. The body of 
the vehicle will also have to accommodate the receiver and receiver 
batteries; and drive motor batteries in the case of an electric-powered 
car, Some space saving is usually possible in the latter case by adopting 
nickel-cadmium accumulators instead of lead-acid accumulators, which 
are the normal choice for powering larger, electric-drive motors. 
Installation requirements are otherwise similar to those described for 
aircraft for wiring up etc., except that a fuse may be advisable in all 
electric motor circuits to give protection against potentially damaging 
high currents which might be produced by mechanical overload, This 
applies both te the drive motor and servo motors, as both drive motion 
ind serva movements are more likely to be subject to heavy loads, or 
stalling by physical obstruction, than on other types of radio controlled 
models, 


Perhaps a fadioa contnolled car is even 
more fun when itis an amphibian! 
Radio Modeller photo. 
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Photos, Radia Control 
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Most modem rallo contral equipment 
ib powered by nickel-cadmium sealed 
accumulators, A, matching charger Is 
needed to recharge at regular Intervals. 
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20 BATTERIES 





Tires 


20.1 Comparative performance of a 
dry coll on high discharge (A); dry cell 
on bower current drain [B)j and a 
nickel-cadimiom battery under high 
current drain (C). 


2 Cut-away diagram of a 
hautton-type nickelcadmium cell, 


All modern radio control units employ transistor circuits working off a 
low voltage supply (e-g., typically, 9 volts for transmitters and 3 to 6 
volts for receivers). Choice of type of battery then lies between dry 
cells (dry batteries); and rechargeable batteries or nickel-cadmium 
accurnulators, In the case of simple single-channel systems, dry batteries 
may be preferred as offering an economy in initial cost, and installed 
weight—pencells, for example, being a typical choice for receiver! 
actuator batteries. The higher current drain of motorised actuators, 
however, favours the use of accumulators, and with multiple-channe| 
systems, employing several servos, the use of nickel-cadmium aceumu- 
lators is virtually standard, Nobody operating proportional radio, for 
example, would normally consider using dry batteries, either for the 
receiver supply or for the transmitter. 


Nickel-cooiminm accumulators 


Nickel-cadmium batteries are commonly known as ‘DEAC's', this being 
the name of the type originally manufactured. A number of other 
manufacturers now produce nickel-cadmium batteries of virtually 
identical type and size. The type normally used for radia control 
installations are the so-called button cells, in the shape of a flat disc. 
Each cell has a nominal voltage of 1,2 volts (compared with the 1.5 
volts per cell of adry battery), This is their only disadvantage compared 
with dry batteries: a greater number of individual cells have to be 
connected together to produce a higher voltage battery, They also cost 
considerably more than dry batteries, but this is not necessarily a 
disadvantage since a nickel-cadmium battery is rechargeable and has an 
almost indefinite life with normal usage. 

The specific advantages of nickel-cadmium batteries are: 
(1) the discharge voltage is substantially constant, regardless of load, 
and remains constant up to the point where the battery has reached the 
point of being almost completely discharged. This is quite different to 
the discharge characteristics of a dry battery, where discharge vol Lage 
can vary with both time and load (see figure 20.7). 
(2) The battery can meet high current drains without suffering the 
‘voltage drop’ associated with a dry cell. This does not apply to all 
nickel-cadmium batteries, however, Some are designed for low current 
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Silver-zinc accumulator (left) and 
Wad-acid accumulators are tie normal 
choice for batteries for drive motors on 
electric-powered boas. They are not 
used a5 radio batteries. 





working, giving long discharge tines. This is usually specified by the 
manufacturers. In the case of DEAC's, type DK is for low currents and 
type DR for high currents, Thus type DKZ only would be suitable for 
radia: control installations. 

(3) Each cell is fully sealed and is shockproof as well as leakproof, The 
constituents do not deteriorate with time, so no maintenance is 
required other than recharging at necessary intervals, 

The capacity of buttom-type cells ranges from about 0.) ampere- 
hours up to about 1.75 ampere-hours, according to size. The two 
favoured sizes are the DEAC 225 (or near equivalent in other makes), 
and the DEAC 500 (or equivalent), of 0.225 and 0.5 ampere-hours 
capacity, respectively, These cover the needs of most transmitters and 
receivers, although if larger capacity batteries are required for trans- 
mitters, cylindrical cells may be preferable. 

Button cells are available as single cells, or as made-up batteries 
comprising two, three or more cells welded together with series connec- 
tion, Thus equivalent battery voltages are: 


no, of cells 2 4 4 5 6 7 8 
voltage 24 396 48 60 72 84 9.6 


Most modern transmitter and receiver circuits, and actuators, are 
designed to operate with one of these ‘standard’ voltages. 


Recharging 


Battery chargers are normally designed to plug into the AC mains 

supply and incorporate a transformer to step down the charging voltage 
to the level required to match the battery, plus a rectifier to change the 
AC current to DC when applied across the terminals of the battery. The 





Battery chargers are inexpensive, 
reliable units, pliogging into mains 
electricity. 


Chargers often provide a range of 
different charging rales to match 
different battery sizei—in Unis case 
DE AC's in three sizes, and voltages 
from 2.4 to 12. 





















































optimum ‘charging voltage’ in the case of nickel-cadmium batteries ts 
about 2.4 volts per cell (in the battery). However, it is also necessary to 
include a resistor in the circuit to limit the charging current. The 
recommended charging current, in amps, is found by dividing the 
ampere-hour capacity of the cell by 10, Multiply this figure by 1000 te 
convert to milliamps. Thus a ‘225' size cell, with a capacity of 0.225 
ampere-hours, would require a charging current of 0.225 + 10= 0,0225 
amps or 22.5 milliamps. 

The time to complete a charge, starting with a fully discharged 
battery, is then 14 hours. However, batteries are never fully discharged 
in use. They are always recharged before they have reached their ‘end 
point’ where voltage drops off rapidly, to avoid this possibility of 
abrupt battery failure in use. It is thus difficult to decide how much 
charge a ‘partially discharged’ battery requires as there is no ready 
means of deciding how much of the capacity has been used up. 

Fortunately this question is not as difficult as it appears. At the 
charging rate specified a nickel-cadmium battery can safely accept a 
100 per cent overcharge, ¢.g. charging for 28 hours. Thus a full 14 hour 
charge can be given to a battery which is known to be fairly well dis 
charged: or say a 10 hour charge to one when not extensively used. 

Once fully charged a nickel-cadmium battery will hold its charge, but 
suffer a loss of capacity of the order of 5 per cent per week. Normally, 
therefore, batteries are best charged up a day or so before required for 
use: and if net wsed for a week or so after being charged, a short 
recharge can be given to make up for the likely capacity loss. Allow a 
10 per cent capacity loss in this case, to be on the safe side, for estimal- 
ing recharge time, 

Nickel-cadmium batteries can be charged at higher rates than that 
specified, with a corresponding shortening of charging time required, 
However, charging time now becomes more critical, as overcharging can 
generate sufficient internal heat to warp and permanently damage the 
internal members, and even cause the casing to swell. Charging currents 
of up to 20 times the recommended rate can be used in an emergency, 
for rapid charge—and this can even be done direct from a large lead-acid 
accumulator of sufficient voltage, Both a variable resistor and an 
ammeter should be included in the circuit to check that this maximum 
current is not exceeded, and the charging time limited. Charging should 
be stopped at once if the battery shows signs of serious overheating. 

Suitable chargers for nickel-cadmium batteries of standard voltages 
are readily available, and are quite inexpensive, Such chargers simply 

plug into the AC mains, with different outlet terminals (or switching) 
for connecting to different sizes of nickel-cadmium batteries at recom- 
mended charging currents, These are normally quite foolproof in 
operation, and very reliable. 





20.9 Layer type carbon-zinc battery. 
a [op plate with sap-lastener 
connectors 
b. ometal jacket 
wax coating 
d, plastic cell contalmer 
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& depolariser 

t, paper iy 

gE Glectrolyte impregnated paper 
Ah. caren coated zinc electrode 

i, PWC covered wire 

I Plastic bottom plape 


20.4 Example of a batbery bax 
designed to take four pencells. The 
terminals ane conmected bo a wining 
arrirsa. 
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Dry batteries 


The most popular size of small dry battery for simple single-channel 
radia installations i the pencell (W172 or equivalent). These are best 
fitted in proprictary battery boxes, deskened to accommodate two, 
three of four cells, giving 3, 4.5 oF 6 volt batteries, respectively (figure 
4), This avoids having to solder on wires to connect two of more 
cells in-series ta make up a battery pack. 

Dry cells are made in two basic types: “standard” and “high power’, 
the latter normally designated by ‘HP’, (e.g. HP12 instead of L112), The 
‘HP’ cell has @ far superior performance to a ‘standard’ cell where 
current drain is fairly high, and ts thus always preferred for radio 
control work, The HP’ cell is also made with leak pr oof construction 
Thats, the casing will not be eaten through, allowing the comostve 
contents to oore out, a can all too easily happen to an ordinary dry 
cell which 4 lett in situ and forgotten 

Where dry celle are tised for the receiver the other golden rule is that 
new, fresh cells should always be used at the start of each day's 
working. 1f fairly lengthy fights are involved, it may even be advisable 
to change dry batteries after every flight, Once used, all such dry 
batteries should be discarded for future radio operation. They are not 
necestanly useless, however. [here will probably be plenty of capacity 
left in them for use in torches, of even i 2 small transistor radpo. 

The high throw-away tate necessary with dry cells with frequent 
radia control operation is a strong argument in favour of adapting 
nickel-cadmium Batteries trom the start. The same limitation does not 
necessarily apply to dry batteries used in single-channel transmitters a5 
here a larger battery can be employed, with a consequently higher 
capacity, If the transmitter is mot fitted with an indicator showing the 
state of the battery, battery woltage should be checked periodically, 
Measure the voltage across the terminals of the battery with the 
transmitter switched on, Once this shows a marked drop from whe 
ofiginal voltage, the battery must be changed, Always replace with the 
typeof battery specified by the transmitter manufacturers, as this will 
be matched on the current drain of the circuit. A change to another 
battery type, even if the same voltage, for example replacing a PPS 

attery with a PPS could produce loss of transmitter power and a very 
short battery life, The PPO battery is rated for up to 50 milliamps 
current drain (and the transmitter circuit may actually draw more than 
this). The PP3 battery, on the other hand, is nat really suitable fos 
current drains much in excess of 10 milliamps. Drawing higher currents 
from it can pull the working voltage right down, and dramatically 
reduce battery life 

Certain other types of dry batteries may be considered for radia 
control work, particularly in pencell stac, The main one is the afhafine 
monganes? battery, which offers a much greater capacity for the same 
physical size and less ‘drop off of voltage under load, It is more suited 
to higher current drains than even the ‘HP’ battery, and would be a 
better choice apart from the fact that (t is considerably more costly and 





20.5 Comparson of performance of 
standard U2 cell (A) and high power 
HP? cell (B). Lett hand graph shows 
conditions of high current drain (cells 
ditcharging through a resistance of 2 
ohms for 30 minutes a day). Right 
hand graph shows low current drain 
application [cells discharging through a 
feiniance of 200 aims for 2 hours a 
day |. Reproduced fran Ory Cells and 
Butters, publited by Mooel & Allied 
Ponbifcadions, 


Simple form of multineter which reads 
10,30, 250 of 300 volts, AC ar OC; 
alto thee current ranges} and provision 
tO Upe as an ohmmeter, 
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again has to be discarded before fully exhausted. Nominal cell voltage is 
again 1.4 volts. It will have about eight to ten times the life of a 
‘standard’ dry cell under current drains associated with single-channel 
receiver circuits; and possibly four to five times the life of an ‘HP’ cell. 
The main difficulty is deciding when an alkaline-manganese battery has 
reached the end of its reliable life (for radio working}. A reasonable 
check is to measure the voltage across the battery with the receiver 
circuit switched on and ‘triggered' by a transmitter signal so that it is in 
the condition of drawing maximum current. Provided the indicated 
battery voltage is greater than 1.1 volts per cell, the battery still has 
some “safe’ life left in it. 
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Scale aircrall ypes are Claiming more 
and more interest. Note dummy 
cylinders of balsa behind engine to give 
a realistic four-inelineg appearance. Bul 
Praclical modelling features are 
fetained like the wins held on by 
nmuhbber bands Radio hladeller phote, 
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21 WORKSHOP NOTES 





21.1 Simple “knots” ike these are 
adequate for cable lacing. 


Examples of miniature saiiches. The 
choice available is often bewildering. 
Choosing the smallest and lightest type 
in ot always advisable, 





Wiring 

Most modern commercial radio control equipment is ‘prewired , 
meaning that all interconnecting leads are already connected to match- 
ing plugs and sockets. Connecting up the circuit during installation is 
then simply a matter of plugging together the appropriate plugs and 
sockets and mistakes are virtually impossible, 

Where individual installations are concenned, the same practice 
should be followed. All the leads from individual units should be 
terminated on multi-pin plugs or sockets, a3 appropriate, rather than 
wired direct between units. This enables individual units to be dis- 
connected readily, should this become necessary (bo remove, for 
example, a suspected faulty unit for checking, or to substitute a 
replacement), All wiring connections to plug or socket terminals must 
be soldered. The use of screw-ty pe connectors instead is quite 
unsatisfactory as these can prove unreliable in service. 

One basic rule also applies when wiring to plugs or sockets, Wiring 
which carries battery connections should always be connected to 
sackets. This will eliminate any chance of shorting the battery circuit 
when the plug and socket are not connected. 


Piags and sockets 


A large variety of miniature plugs and sockets are available, most of 
which have been specially designed for radio control mode! installa- 
tions, These are usually (n 3-pin (three connections) size upwards to 
7-pin (seven connections), All are ‘polarised’ in some manner, making it 
impossible to fit the plug and socket together other than in one particu- 
lar way. The only real limitation of miniaturised plugs and sackets is 
that the individual connection pins are small and close together, and 
extreme care may be needed when soldering the wires in place—really 
neat and efficient soldering. Some modellers prefer to use larger plugs 
and sockels to avoid this problem, 





Meal method of cunting off surplirs 
lead lengths when assembling a printed 
circult—using nall clippers! 


This & the right slee of iron for normal 
soldering work. A omaller iron with a 
smaller bit would be needed for 
working on crowded printed circuits. 
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Ideally plugs and sockets should be mechanically bound together 
once installation is complete. Also plugs and sockets should be 
supported, not left to hang free, One solution is to mount all sockets on 
aseparate panel, securely mounted in the model, Proprietary servo 
trays, designed to accommodate specific types of servos, may have 
sockets or socket points incorporated in the length of the tray. A very 
straightforward solution for mounting plugs and sockets, and al the 
same time locking them together, is to fit a length of servo tape at a 
suitable point in the model. Plugs and sockets are then simply pressed 
onto the serve type. 


Wire sires 


Stranded insulated wire should always be used for circuit wiring, Small 
diameter stranded wire is normally designated by two numbers separa- 
ted by an oblique. The first number indicates the number of strands 
and The second number the diameter of each strand of individual wire 
in inches. Thus 12/004 wire would comprise twelve strands of 0.004 in 
diameter wire, in an insulated covering. Recommended sizes for general 
wiring are 12/004 or 14/0076, The latter is to be preferred for escape: 
ment wiring connections or other low voltage circuits where wiring 
resistance must be kept to a minimum. 

Insulated wire of this type is readily available in a range of different 
insulation colours, fe. red, black, blue, yellow, white, green, orange, 
brown and grey. This enables circuit wiring to be colour coded for ease 
of checking, It is imperative to adopt colour coding for wiring to plugs 
and sockets, for example, in order to be sure that the through connec- 
tions match, 

In addition to single wires, groups of colour-coded wires assembled in 
1 common outer are also available. These are generally known as cables 
and may be round or flat, with up to 9 or 10 individual colour-coded 
wires in the cable. The wse of cable eliminates the need for “cabling up’ 











Ml tina Mug-andsocket COnMeClors 
dimpllfy wiring, bul always use 
feacmemended type. Bind together for 
additional security. 


Neat ingialiation with short cable runs 
plugging Into sockets on a printed 
clroult meounting pare, 








runs of individual wires by lacings or bindings, but round cabling is not 
always convenient to use where individual wires have to be taken out at 
different points along the cable run, Flat cabling is considerably more 
versatile iin this respect. 


Soldering irons and sodder 


Miniature electric soldering irons should be used for making all soldered 
connections, The heat generated by the bit of an electric iron is 
numinally specified by its wattage. A 10 or 15 watt iron is generally 
suitable for making wiring connections, and is suitable for use with bit 
sizes from 3/64 in diameter to 3/16 in diameter, A 25 watt iron is the 
largest size that could be used, especially on printed circuit panels. On 
the other hand, a small iron is not necessarily the best answer, Dt will 
lose its heat rapidly, needing a considerable pause between making 
consecutive points for the bit to heat up again—and there is considerable 
danger of producing ‘dry’ joints if the job is hurried, or not tackled 
properly. 

Only resin-cored solder should be used, preferably of 60/40 type 
which is produced for high quality electrical work. The numbers | 
designate the tin/lead ratio of the solder. The higher the tin content the 
lower the melting point of the solder, This means that satisfactory 
joints can be produced with a lower bit temperature, reducing the risk 
of damage lo components through overheating. The difference in 
melting point of a 60/40 solder and a 40/60 solder, for example, is 45 
degrees C, 

The right combination of iran wattage and bit size can readily be 
judged by the time it lakes to complete a soldered joint. The iron must 
be allowed sufficlent time to reach full bit temperature, which can be 
judged by the fact that solder applied to the tip of the bit will melt 
immediately and flow over the tip. The time to complete a soldered 
joint should then be three or four seconds, no more, If the joint does 
take longer to complete, and has been properly prepared by cleaning as 
necessary, then elther the iron has not had enough time to heat up, or 
the bit is too small for the joint area involved {i.e, too much heat is | 
being conducted away from the bit, cooling it down), In cither case 
poor or ‘diy’ joints will result. | 





Supreme cxamplea of the radia 
modellers’ art like these may take 
thousands of hours to complete. 
Failure of a email radio component, or 
a plug and socket connection which 
comes apart in flight, ooubd cause a 
Compote wihle-olt, OCheck—and 
re-check—all connections regularly, 
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Topggle-attion switch may bee for 
circuits canrying higher currents, 


Small electric motor ‘power’ drill a 
handy tool for Gling printed circuit 
Panch. Always use 2 very sharp drill, 
and work with the copper side up, 





Great switches 


The choice for an on-off switch lies between a toggle (lever action) and 
slide type. General recommendations are thal a toggle switch is better 
for switching higher currents, although it is usually bulkier and heavier 
than a slide switch, A slide switch is held to be less reliable, although 
this depends very much on the individual design of the switch. Slide 
switches with a true wiping action have self-cleaning contacts and can 
be equally, or even more reliable than toggle switches, Slide switches 
are usually preferred. 

The main enemies of a switch are vibration and damp of contarmina- 
tion. Neither type should be susceptible to vibration on a model 
installation and can be rigidly mounted, To avoid damp or other 
contamination to the switch, all switches are best mounted internally, 
with their movement operated by an extension rod taken to the outside 
at a suitable point. This opening can be sealed with a simple grommet. 
However on-off switches are successfully mounted emerging from the 
outside of a model aircraft fuselage, and provided the area is not in the 
way of engine exhaust spray, seldom seem to give trouble. External 
mounting on a boat, on the other hand, is very likely to give trouble as 
itis difficult to find a location which is positively free from spray at all 
times, 

Receivers using a single battery supply need only a single-pole on-off 
switch, If a separate servo battery is involved in the receiver installation 
a dowble-pole on-off switch should be used bo switch this second 
battery separately, and simultaneously from the one switch, 

On older valve circuits both a HT and LT battery are involved. 
Theoretically, at least, it is only necessary to switch the low tension 
battery on-off a5 no current can flow through the high tension circuit 
without the low tension supply being present. This is not good practice, 
however, since it leaves the high tension battery potentially ‘live’ amd it 
could discharge through a circuit fault (e.g. a faulty electrolytic capa- 
citor), Since the negative side of both batteries is common (ic. connec 
ted together) a single-pole switch can conveniently be inserted in this 
common negative lead. |f a separate actuator battery circuit is-also to 
be switched, then a double pole switch ts required. This would be 
applicable in receiver circuits only, and valve receivers have long since 
ceased to be used for practical radio control installations, 
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Actuator, 9, 10, 11,15, 21, 54, 55 er seg, 


coll, 53,60, 146 
faults, 68 
Galloping Ghaw, 40 
mounting, 139 
Actuators, pulse proportional, 74. 
Adjustment, recds, 97 
Aerial, 29, 30, 47 ef seg, 
coll, 47 
dipole, 52 
elficiency, 50 
lengths, 50 
loading coll, 50,52 
positioning, 50 
radiation pattern, 52 
tuning, 5 
wire, 141 
AP filters, 16 
AF oscillator, 89 
APF tone generator, 89 
Ahead and astenn switching, 183 
Alleron area, 121 
Alleron control, 119 
Aileron control, singke=schannel, 114 
Alleron linkage, 155 
Aderan movement, 121 
Alleron proportions, 176 
Allerton trim, 121 
Aeron, | 75 20 seq, 
Airstored col, 47,48 
Abrcraft dealgn, |e? ef seq, 
Aircraft invtallatians, 139 er seq, 
Alignment and clearances of servos, 148 
Alkaline-manganese battery, 206 
Allocation of reeds, 93 ef seg. 
All-tranition receivers, 16, 47 
All-ransistar transmitters, 34, 37 ef seg. 
Amateur band, 11 
American fadio control frequencies, 11 
Amplitude, 28,80 
Analog proportional, 23,99, 05 
Analog serve, 100, 105 
Angled bellcranks, 155 
Angled hinge line, 131 
Anode load, 33 
Armawre, 23,61, 189 
eiiapement, fet seq. 
Audbo frequencies, 12, 30 
Audio tone, 43, 101 
Automatic gain control, +5 
Automatic stability, 167 
Auxiliary contacts, 61, 79 


Back contacts, 60 
Band width, 101 
"Bang-bang' actuators, 119 


‘Bung-bang’ control,$7, 109, 118, 123,187 


"BRang-bang" controls for cars, 199 
Barrel-type throttle, 161, 162, 164, 164 
Basie radio link, 9 

Basic transmitter, 33 

Basle valve tranaenltier, 23 

Batteries, 14, 15,37, 67,69, 203 ef sey, 
Batteries, conire-tappod, 85, 92 

Battery charger, 205 

Battery installation, 139 

Battery pack, 92 

Battery performance, comparison of, 207 
Battery roubles, 69 

Battery voltages, 69 

Belicrank movement, 143 

Bleed adjustment, 162 

Bleep boxes, 62 

“Allpplng’, 123 

Blocking capacitor, 33 

Boat installations, 193 et seg, 

Boat motor contol, 181 ef seg. 

Boat secondary services, 184 

Boat speed controls, 182 ef neg, 

Boats, addithonal services of, 185 

Bomb dropping, 126 

Bomb release, 119 

Bonding, 144 

*Botboming’, 38 

Bowden cable, 132,155 

Brake actuation, 156 


Cable movements, 152 
Cabling, 140, 204 

Capechtor, 33,47 

Capacity tuning, 47 

Carrier, 29,43 

Carrier wave, 12, 13, 14, 21, 30 
Cascaded actuators, 63,113 
Cascading, 186 

CG single-channel valve transmitter, 36 
Charging batteries, 204 
Charging DEAC's, 704 
Clevis, 151 

Chevis fittings, 149 7 seq, 
Climbing turn, 111 

Clock circuit, 107 

Clack cycde, 103 

Clockwork escapement, 142 
Closed loop circuits, 23, 100 
Coders, £6 

Coherer recelver, 10 

Coil design parameters, 48 
Coll, escapement, 56 

Coil formers, 49 

Colle, variable inductance, 49 
Colour coding, 210 
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Command channel, 101 
Comparator clrewii, 103 
Compound etcapement, 59 
Control bom, 14) ef sea. 

Control modes, 148, 149 

Control sequence, 58 

Control signalling, 58 

Control stick, 29, 124, 134 er seg, 
Loni! surface hinges, 152 
(Controls, multi-channel, 93 ef seq. 
Counter, 103 

Coupled alleron and rudder, 115, 122 
Loupled controls, 115, 120, 122 
Crystal control, 35, 38 
Crystal-contralied transmitier, 35 
Crystals, 44 

Current amgeifier, 20 

Current change, 12 

CW 43, 36 ef sea 


Damping, 104 

(a Evia, 5 

DEAC's, 19,1743, 199, 207 203 27 sey, 
Dead band, 104 

Decoders, #4, 99 

Decoupling controls, 122 

Delay circuits, 185 

Design layout for aircraft, 169 
Detector, 30, 31,43 

Diesel, 159 

Differential ailerons, 176 
Differential bellcranks, 155 
Differential mavement, 95, 155 
Digital proportional, 24, 99 er seq 
Digital receiver, 100 ry seq, 
Digit servo cipcudt, }03, 104 


Digital systems, 24,99 ef seg, 12S ef seg, Vidar seg, 


Dightal transmitter, 99 ef seq., 133 ef sey, 
Dihedral, 123, 167 

Diede, 43 

Dipole aerial, 52 

Directional contre’, 167 
Distortion, 38 

Diving turn, 111 

Driver circuit, 100 

Driver stage, 34 

Dropping resistor, 182 

Dry batteries, 37, 206 ef seg. 
Dust core, 49 


Elfective langth of aerial, 92 
Efficiency of aerials, 50 

Electric motor contrel, 181 ev eeg, 
Electric motors, suppression of, 146 
Electric powered alrcraft, 112 
Electrical interference, G8, 69 
Eleciro-magnetle acuisiors, 55 
Electronic delay citcuits, 1h5 


216 


Electronic pulser, 77,86 
foctronle switchers, ES, 188 
Elevator area, 121 
Elevator contra, 119 
Elevater cantral, single-channel, 112 
Elevator hom, 152 
Elevator kick movement, 113 
Elevator moverment, 121 
Elevator proportions, 121, 175 
Elevator servo, 95 
Elevator trim, 119, 121 
Encoder, 101 
Engine sizes, 159 
Equivalent engine sloes, 161 
Escapement, 15, 54,55, 109 
action, 56 
cal 56 
hold positions, 59 
linkage, 56, 141 et seg, 
mator, 55,65, 143 
manning, 141 
sequence, 56 
speed, 46 
Escapements, 55 ef seg., 141, 185 
switching contacts, 60, 185 
Etching, 39 


‘Fall-safe’ facilities, BS 
Fault-finding, tingheschannel, TO 
Fcc, 11 

Feedback, 100 

Feedback potentiometer, 23 
Five-funetion proportional, 178 
Flap area, 1271 

Flap linkage, 156 

Flap movement, 121, 196 

Flap operation, 128 

Flaperan, 120 

Flaps, 119, 121, 154 

Foam rubber, 139, 145 
Follower circuits, 84 

Forked fittings, |49 

Former wound coils, 4 
Fourfunction proportional, 126, 128 
Fourfunction transmitters, 130 
Four-positlan actuater, 113, 184 
Four-position sequence, 61 
Frequency, a7, 

Frequency pennant, 26 

Frise aileron, 177 

“Full house" mull, 122 
Fustlage lengths, 173 


Galloping Ghost, 78,480,681, 87 
actuator, 83 ef seg, 
transmitters, 82 

(alas fibre, 79 


Gliding turn, 111 











Glow motor, 159 


Harmonics, 19 

Helicopter, 13 

Hertz, 27 

High power batteries, 206 
Hinges, 152 ef seg, 

Hold positions, escapement, 59 
Hold signals, 61 

HT, 34 

Hybrid ciecuits, 37,91 

H¥brid roosiver, 91 


Idling current, 12 er sey. 

IF stapes, 43 

IF tranttonmer, 16 

Inching movements, 94 

Ind wciance, 47 

Inuctive tuning, +7 

In-flight photography, 119, 128 
Input pulse, 103 

Interference, 194, 151 
Intermediate frequency, 43 ef seq, 
Inter-maodidation, 101 

Inset ailerons, 155,175 
lron-cored colls, 49 

sel ation mounting, 139 


joystick configuration, 100 
Joystick control, 48 


Keepers, [47 
Kick elevator, 1135, 142 
Kick movement, 113 


Lacing, 209 

Layout dimensions for alrerait, 168 
Lead-acid accumulators, 204 
Level turn, 117 
Leveremnovement hauling, 192 
Limit switching, 120, 129,192 
Lintar output, 65 

Linear response, 104 
Linesof-sight transmission, 28 
Linkages, 56, 143 ef seg, 
Loading ool, 50 

Loop, 111 

Low wing models, 118 


Magnetle attuators, 55,57, 79 
Main actuator, 63 

Malin controls, 94 

Main fying controls, 125 
Manoeuvwes, single-channel, 110 
Marine engines, 161 

Mark detector, 85 

Mark space ratio, 22,75, 79,87 
Matter clack, 102 


Master oscillator, 37 
Mechanical hinges, 153 
Mechanbeal linkage, 139 
Neechanical pole, 77 
Metal homs, 151 
Me radko bands, 27 
Micnofarads, 47,48 
Micrahenries, 47 
Microswitch, 34, 98 
Minlature switches, 209 
Mixer, 43 
Mode one proportional, 130 
Mode one, proportional transmitter, 130 
Mode two proportional, 130 
Mode two, proparthenal transmitter, 130 
Model boats, 29,30, 179 ef seq. 
Madiel cars, 29, 31, 197 ef sen, 
Model constructhan, 170, 171 
Model sixes, 168, 170, 172 
Kodel yachts, 190 er seq. 
Modulated radio frequency signal, 29 
Foe ulated) signal, 29 
Modulated bone signal, 12 
Modulation, 39 
Module type units, 101 
MOPA, 34,37 
hrlorse key, 10 
Kotor interference, 144 
Motor speed control, 111, 142 
Motorised actuator, 62,64, 65, 145,144, 146 
Movable conttols, 139 
Multichannel, 10 
actuators, 2] 
alreraft controls 119 ef seq. 
aircraft design, 123, 172 
aircralt proportions, 173 
boats, VAT rt seq, 
contre, 03 er seg, 
receiver, 19,89 
sytem, 89 ef eg, 
transmitter mode, 94 
tuning, 96 
working, 17, 85er seg. 119 ef seg, 
Multimeter, 207 
Mul tiplesced signal, 44 
Multiservos, 90), 185 
“hiviar’ hinge, 153 


"Maviga" courses, 179 

‘Maviga’ radio classes, 179 

Meutral drift, 133 

Nicmel cadmium batteries, 15,133, 199, 202, 204 
Meise, 68, 145, 151 

Notewheel steering, 120, 145, 197 

Nyton hinge, 152 


On-off switches, 209,213 
On-ofF switelding, 31 
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Onefunction proportional, 12h, 127 
One-Mus-one proportional, 126, 127 
Operating p ‘corthonal, 133 ef seg, 
Oscillator, 73, 38 

Overtide movements, 154 
Overshoot, 1045 


Parachute releate, 128 

Paxalln, 39,38, 189 

Peak tuning, 50 

Pencells, 206 

Pennant, 26 

Pilot error, 134 

Piteh axis, 168 

Plastic hinges, 152, 153 

Pligs and sockets, 209,211 
Polypropylene hinge, 142 

Post Office licence, 11 
Potentiometer, 23, 77, 100 

Power, 25 

Power amplifier, 35 

Pre-flight check, 133 

Presibutton Signalling, 61 

Pre-wired equipment, 6/ 

Pre-wired radia units, 140 

Preawired receivers, 45 

Pre-wired servos, 130 

Printed circuit, 43 

Printed circuit etching, 39 

Printed circuit panel, 39,45 
Progressive actuator, 113 

Progressive escapement, 62 

Progredelwe servos, 94 

Proportional actuator, 23 

Proportional aircraft controls, 125 er seg, 
Proportional control, 8, 10,22, 99 ef seq., 13d et seg. 
Proportional controls of boats, 190 ef seq, 
Proportional elevator, 81 

Proportional receiver faults, 134 
Proportional rudder, 1 

Proportional serve faults, 134 
Proportional servos, 21,99 er seg., 106 
Proportional signals, 104 

Proportional systems, 24,99 ef seq, 
Proportional transmitter, 24, 106 
Pulse actuator, 75 

Pulse generator, 103 

Pulse omission coder, 86 

Pulse omission detectors, 85 

Pulse proportional, 74 ef seg., 80 

Pulse proportional actuators, 78 ef seg. 
Pulse proportional controls for boats, TET 
Pulse rate, Pb et seq. 

Pulse sharing, 102 

Pulse switch, 140 

Pulse transmitters, 76 

Pulse triggering, 102 

Pulse widths, 22, 103 
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Pulsed tone signal, 101 

Pulser, 76, 82,83 

Pulsing, 22 

Push rod, 147 

Push-pull oscillator, 34 
Push-pull output, 65 

Push-pull valvt transmitter, 35 


‘Quick-blip' signalling, 60,61, 111 


Racing model cars, 197 
Radiathon pattern, 29,52 
Radia contra airship, 10 
Radio contra licence, 11 
Radio controlled boats, 179 ef seg, 
Radio controlled cars, 197 ef seg, 
Radio frequency cheke, 33 
Radio frequency spcetrum, i? 
Radio waves, speed af, 27 
Baked bellcranks, 155 
Raked contral horns, 157 
Rand LAS actuator, B2 
Range, 29,52, 67,68 
check, 97 
lack of , 69 
Ratchet braking, £0 
R/C engines, 159 ef sey, 
Receiver, 9,12, 78 
aerial, 46,43 
component layout, 42 
Faults, 71 #@f seg. 
installation, 95,139 
for feaads, 193 
protection, 194 
wiring, 141 
Recharging batteries, 204 rt seq, 
Reed adjustment, 96, 97 
Reed bank, 18,89, 92 
Reed bank, mounting, 95 
Reed banks, current values, 20 
Reed circuit, 19, 20 
Reed contacts, 19 
Reed equipment, 119 
Reed recelver, 91 ef seq, 
Reed switching, 90 rr seg, 
Reeds, 18, 90 et seq. 
allocation of, 93 
Reference pulse, 103 
Reference pulse generator, 103 
Relay, 12,174, 19, 23,84 
contacts, 1%, 70 
faults, Tl ef seq. 
fallawers, 84 ef srg, 
latching, 189 ef seq. 
receiver, GO, 90er seq, 
dave, 185 
dugged, 185 
Relayless operation, 20 





Relayloss receiver, 14, 15, 16,41, 45 
Repetition rate, 104 

Restor, 33 

Resonant aerial lengths, 40 
Resonant frequency, 18, 30,47 
Retractable mndercarriages, 147 
RF, 30 

RF frequency, 44 

RF dscillator, 33, 96 

RF output, 30 

RF signal, 9,12, 29. 

RF wave, 28 

Rigging incidence, 123, 174 
Rigid tuning coils, 49 

Rocking arm linkage, 57 

Roll, 111 

Rall als, Dee 

Robery arm output, 65 

Rotary ditc output, 65 

Rudder area, 121 

Rudder contral,56, 109, 119 
Rudder linkages, 147 

Rudder movervent, 121 
Rusiderconly model, 167 ef seg. 
Rudder propertions, 175 
Rudder servo, 57,95 

Rudder trim, 121 


Sail trimming, 197 

Salil winch, 11 

Secondary actuator, 60,61, 112 
Secondary escapement, 142 
Selective aclualors, 21, 109 
Selective escapement, 59 

Selective response, 90 

Selectiviry, 16,49 

Self-adjusting push rod, 154 
Selfcentering actuator, 22 
Self-centering controls, 125 
Self-neutralising actuator, 37 ef seq. 
Sonshilve relay, 12, 14,19, 23, 4 
Sensiivity, OF 

Sequence signalling, 58 

Sequence switcher, 183 

Servo allocation, 94 

Servo installation, 14a 

Servo layout, 95 

Serva linkage arrangements, 145 
Servo mator, 104 

Servo tape, 145 

Servo tray, 148, 149 

Sewn hinge, 152 

Sheet hauling, 191 

Shorteange check, 69 

Silica gel, 194 

Silwer-zinc batteries, 204 
Simultaneous operation, 20,93, ef seq. 
Singhe-<channel, WO erseg., P32 er seg. 49 er seq., GE et seq, 





aircralt design, 123 08 grey. 

boat controls, VEO er seq. 

made canshrction, 17 

optration, 68 ef seg. 

preportional, 74 ef neq, 

recelvers, 41 

trouble-shooting, 71 

signalling, 21 

tone transmitter, SE 

transmitters, 32 

trouble-shooting, 72 

Six-function proportional, 128 
Slave relay, 184 
Slide seitches, 2135 
Slowemoving vehicles, 200 
Slow running, 162 
Siugged relay, 185 
S/N actuator, 109 
5/8 escapements, 2 
S/N movement, 59 
Solder, 211 
Soldering irons, 211 
Spark-enithon engine, 10, 159 
Spark transmitter, 10 
Special scapements, 61 
Speed switching for boats, 183 
Spiral dive, 109,111 
Spllt devators, 142 
Spotters, 196 
Spotl frequency, 17,26, 28,44, 47 
Spray bar, 162, 163 
Stabilmation, Bo 
Stall turn, 171 
Sitandand batteries, 206 ef seq. 
Sicering for cars, 197 
Srranded wire, 270 
Strip ailerons, 155, 176 
Substitution, T4 
Superhet receivers, 14,176, 17,391,435, 89, 91, 94 
Superhet working, 44 
Supenregen clreults, 41 
Superregen receiver, 16,31, 41,67, 89 
Siper-regenerative circult, 12 
Suppression, 145, 146, 144 

for boats, 184 

for motorised actuators, 144 
Switch, 9, 34,43, 58,209, 213 
Switch positions, multi-channel, 4 
Switched current, 20 
Switcher circult, 14,83, 84, 185 erseg. 
Switchers, 82,84, 185 
Switching circuits for boats, 1845 cf seg, 
Switching clroults for cars, 198 ef seg. 
Switching contacts, eacapements with, 60 
Switching services for boats, 121 ef seq, 
Synchrontiathon, 103 


Tailwheel steering, 120 
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Tape hinge, 152 
Tidlescopic aerial, 46 
Thick aileron, V7 7 
Third-position sequence, 61 
Thitd-posltion shernalling, 60, 62 
Three-Function proportional, 126, 127 
Thrce-function transmitters, 130 
Three-plus-one proporthonal, 126, 128 
Three-position actuator, 1B4 
Throttle control, 79,94, 110, 102, 109, 122, 125, 142, 161 
for boats, 181 
sequence, G2 
Throttle linkages, 120, 154 ef sea. 
Throttle servo, 95 ‘ 
Thyratron, 43 
Time multiplex, 101 
Timer circult, 86 
Tagele aveitehed, 213 
Tone, 12 
adjustment, 96 
filters, 17 
frequencies, 20 
pentrator, 35 
operdtion, 25 ef seq. 
slanal, 17, 19,21, 29, 34, 39 
transmitter, 3%, 89 
tuning, 68 
Tonesnod ulated RE, 24 
Tone-madwated signal, 13, 17, 19,21,29,36, 39 
Top-finge allenon, 177 
Torold indiscior, #9 
Transistor amplifier, 20,45, 4 
Tranaiater clrcults, 14 @f seg. 
Transigter aicillater, 38 
Transistor trandmitiers, 37 ef seq. 
Tranaitors, 37, 189 
Transmission frequencies, 27 
Transmitter {bale}, a 
Transmitter modes, proportional, 130 
Transmiltier, multichannel, 17, 89 of seg, 
Trinsmitter oulput, 67 
Transmitter pulser, 75 
Transmitter signal, 12 
Transmitters, ‘Galloping Ghost’, 82 er seq, 
Transmitters, trouble-shooting, 72 ef seq, 
Travelon, 12 
Trickle voltage, G2 
Trim, 24, 110 
bar, 9 
control, single-channel, 110 
oontnols, 12%, 133 
in Boal, 158 
movements, 95 
sorve, 95 
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Tripped signal, 62 

Troubleshooting guide, recolvers, 71 ef seq. 
Troubleshooting guide, transmitters, 72 ef neg, 
Tunable coils, 49 

Tuned cirewit, 30, 34, 47 

Tuning at range, 68 

Tuning capacitor, 47 

Tuning coll, 47 

Tuning conbrols, 31, 67 

Timing, multi-channel, $6 

Tuning reeds, 96 

Tuning sug, 67 

Tuning wand, 67 

Two-lunction proporthonal 126,127 
Two-function transmitters, 130 
Two-plus-one proportional, 126, 127 
Two-posithion actuator, 113 

Twospeed throttle, 163 

Two-stage recelver, 12 


Undercanmtage retraction, 119, 128 
wise of phones, 68 


Valve-transivior receiver, 18 
Valve tranumitier, 15,33, 34 
clrcults, 4 ef arg, 
Warlable canacitor, 47 
Warlable motor speed in boats, 186 ef seq, 
Variable rudder positioning in boats, 188 
Wariahlé dynchronisatian, 104 
Vibration , i8 


Waterprool installations, 14 
Waterproofing receivers, 193 
Wavelength, 28,52 

Wheel brakes, 120), 1546 
Wiheel steering, 157 

Whip aerial, 54 

Windi-lype actuators, 11 
Winding ‘springback’, 48 
Wing incidenn:, 167 

Wigpetr switches, 92 

Wire serial, $3 

Wire and tube hinge, 132 
Wire sizes, 210 

Wiring, 209 

Wiring connections in multi-srrvas, 91 
Witting Rares, 45, 140 
Workshop notes, 209 ef cag, 


Wae axié, 168 


fero-vero rigging, | 74 
foom, 110,112 





RH Warring is well known for his writings on 

modelling and electronic subjects, with many 

articles ancl books to his credit. He has also 

been actively concerned with the design, 
roduction and testing of commercial model 
its and radio contral equipment. 


